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ABSTRACT 


The purpose of this thesis is to examine the effects on retail 
customers of surcharges proposed by the Defense Logistics Agency 
PEA) on Issue Priority Group I (IPG) requisitions. The intent of 
these surcharges is to enable DLA to recapture a portion of the 
costs incurred in meeting IPG I time standards. Additional goals 
are to discourage IPG I requisitioning for frivolous reasons, and 
when maintenance of small retail inventories may be less costly to 
the government. 

Data was collected from the Naval Supply Centers at Oakland 
and San Diego, andthe former Sharpe Army Depot, now incorporated 
with Defense Depot San Joaquin (DDJC). Two types of surcharges 
were applied to this data. A variety of flat rates per requisition 
were examined. Alternately, several percentage levels were 
applied to an item’s unit price to test their effectiveness as 
Surcharges. Combinations of flat and percentage rates were also 
studied. 

This evaluation found flat rates tend to impact lower unit 
price and high annual demand items first. Percent of unit price 
Surcharges tend to have a relatively even impact as they are 
mmereased. Combinations of surcharges tend to cause most items to 


be stocked rapidly. 
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I.PROBLEM, OBJECTIVES, SCOPE, AND PREVIEW 


A. THE PROBLEM 


ieenem race talleor JOS “GPR Yohn Corbett, Director of 


Warehousing Division, Defense Distribution Depot Oakland 
MBDOC) , was faced with an impasse concerning Oakland’s 
continued viability as a stock point. Speci emca ling CDR 


Corbett periodically reviewed Oakland’s requisitioning 
histories and conducted random samples of Issue Priority Group 
I (IPG I) requisitions received. His analysis revealed a 
disproportionate amount of IPG I requisitions relative to 
other Defense Logistics Agency (DLA) stock points in Central 
California. These IPG I requisitions were a principal cause 
of Oakland’s higher cost to issue material when compared to 
nearby Defense Depots in California’s central valley. C D R 
Corbett felt these costs may tip the scales in favor of 
eliminating Oakland as a DLA stock point and transferring its 
inventories to the San Joaquin Valley (Corbett ‘'91). 

In essence, CDR Corbett was faced with several DLA 
alternatives. These choices included: (1) subjectively 
downgrading requisitions he believed did not meet IPG I 
Criteria; (2) assisting his most prolific IPG I”"eustomers to 
build inventories of the materials they ordered the most as 


IPG I; and (3) imposing penalties in the form of surcharges 


on IPG I requisitions to recoup his additional costs to £2 
these requirements. CDR Corbett was concerned about the 
effects of this proposed surcharge on his customers. He 
requested a study of the second and third alternatives as a 
thesis conducted by inventory and logistics masters degree 


Students at the Naval Postgraduate School (NPS). 


B. RESEARCH OBJECTIVES 

This thesis will examine the effects of a DLA IPG I 
requisitioning surcharge on ordering decisions and inventory 
management by retail activities. It will construct a logical 
framework within which an efficient decision maker can weigh 
all pertinent issues and find an optimal compromise. This 
framework could also be used by wholesale activities to 
determine the effects of contemplated surcharge policy changes 
on retail customers prior to implementation. Wholesale 
activities may be able to extrapolate an approximation of 
income at various surcharge levels and combinations. These 
approximations could be of use in designing surcharge programs 
that accurately reflect the additional costs of providing high 


priority responsiveness. 


Gz SCOPE 
1. Data 
Data was collected from three stock points in Defense 


Distribution Region West (DDRW): Naval Supply Centers (NSC) 





Oakland and San Diego, and DDRW Sharpe facility. Oakland was 
chosen as it was the originator of the study proposal and for 
its proximity to Monterey and NPS. To validate Oakland’s 
analysis San Diego was added. Finally, the former Sharpe Army 
Depot, DDRW Sharpe, was queried to enable testing with 
predominantly non-Navy data. 

Fach activity was asked to provide requisition histories 
for all IPGs from 1 June 1991 through 30 May 1992. ‘There were 
several reasons why this particular period was chosen. First, 
by the end of May 1991 three months had elapsed since the 
conclusion of Operation Desert Storm. This three-month period 
allowed the glut of requisitions accumulated during Desert 
Storm to pass completely through the supply system. During 
the Gulf War, the Defense Supply System was inundated with 
unique IPG I requirements. Inwar, operational needs clearly 
dominate decision makers’ thoughts; neither DLA nor their 
retail customers would be concerned with the effects of a 
surcharge. To attempt to analyze the effects of IPG I 
Surcharges on retail customers using data gathered under these 
conditions would present a misleading picture and result in 
erroneous conclusions. 

Seconded, to attempt to analyze data from the period 
leading up to the Gulf War build-up could also be misleading. 
DLA began experimenting with methods to implement the proposed 
Stock point consolidation initiative, Defense Management 


Review Directive (DMRD) 902, during the summer of 1990 using 


central California (Oakland, Sacramento, Stockton area) as a 
test site. Therefore, Oakland and Sharpe data for that time 
period may have reflected the confusion associated with the 
extensive organizational changes. In addition, during this 
period San Diego continued to operate entirely independently 
as an NSC under Navy control. The use of San Diego data from 
this period could lead to conclusions based upon circumstances 
no longer applicable. Finally, if the collection period was 
set to start later than May 1991, it might have Weeen 
difficult to collect a complete year’s data for analysis. 

Oakland and San Diego were able to provide real data for 
the entire year requested by using their Uniform Automated 
Data Processing System for Stock Points (UADPS-SP) generated 
Demand History Files (DHF) and Requisition Status Files (RSF). 
The data tapes provided by both NSCs’ were based on the first 
Sixty-four columns of the standard UADPS-SP RSF layout. 
Additional requested information was appended to this format 
in column numbers sixty-five through ninety-three. 

Sharpe was only able to supply data from 1 January through 
25 August 1992. They were also unable to supply data in UADPS- 
SP format. Instead, data was provided in Sharpe’s Material 
Release Order (MRO) History program layout. Fortunately, the 
required information could be extracted from this 205-column 
layout to form a data base which was comparable with the Navy 


data base. 





2. Model Assumptions 
a. Demand 

The framework developed in this thesis assumes the 
deterministic Economic Order Quantity (EOQ) demand-based 
inventory equation as if inventories are to be held by 
customers (Tersine ‘88). Therefore, i1t will not attempt to 
address non-demand based inventory strategies on an individual 
retail customer level such as Consolidated Shipboard Allowance 
Lists (COSALs), Aviation Consolidated Allowance Lists 
(AVCALsS), Consolidated Shore Based Allowance Lists (COSBALs), 
and Tables Of Allowances (TOAs). 

Many of the demands submitted by industrial activities may 
be job dependent, but, short of a thorough submittal review, 
there is no method of differentiating dependent from 
independent demands. As a result, this surcharge model 
assumes all demands are independent. 

This model assumes all demand to be known and constant. 
The demand data bases provided by each stock point contained 
IPG I demands for only nine months (Sharpe) and only one year 
(Oakland and San Diego) and may not be indicative, as 
assumed, of annual demand during subsequent years. x) 
reality, demand for an item is a random variable having some 
Puepaaa ity ciastribution associated with it. Unfortunately, 
one year’s worth of data was insufficient to develop such a 


eastribution. 


b. Lead Time and Requisition Splitting 

The lead times are assumed to be known and constant. 
Historical data does not provide information on the actual 
lead times. Actual receipt information is usually only 
retained by the requisitioner in their receipt file. Order 
and shipping time goals are specified by the Uniform Material 
Movement and Issue Priority System (UMMIPS). Therefore, lead 
times were assumed to be known and constant at the goals 
specified by UMMIPS. Fortunately, neither the TVC nor the 
BOO equation used in the model requires an explicit lead time 
value. 

All units of an order are assumed to be added to inventory 
at the same time. Supply centers will occasionally split or 
partially f111 a customer’s requisition. When splitting 
occurs, the customer’s document number is divided into two 
requisitions by attaching single-digit suffixes to the 
document number to identify each half of the order. Because 
each supply center used suffix codes for a variety of 
purposes, to include requisition splitting in the model would 
have required identifying partial requisitions enrougheeame ss 
of each depot’s demand history. The surcharge model, 
therefore, assumes no requisition splitting. This assumption 
should be valid since ordering activities are required to take 


custody of all units in an order when it is received. 





c. Costs 

A fixed cost structure is assumed and, for the military 
Supply system, this is valid. Order costs are the same 
regardless of lot size for most retail activities. There are 
no quantity discounts. The surcharge model does, however, 
allow order costs to be varied by individual UIC, and holding 
ese traces to be varied by Cog or fund code. Holding cost 
rates are applied per service directive as a linear function 
based on material type (GAO/NSIAD-92-112). 

The last cost assumption is that each activity has 
sufficient capital to procure the annual demand. In addition, 
to determine if each of the customers identified in each data 
base had adequate capacity to maintain the requisitioned items 
in an inventory on site would have required an in-depth study 
of each activity. Such studies are beyond the scope of this 
thesis. Activities using this model should be intimately 
familiar with their own in-house capabilities. They would 
easily be able to determine if holding inventories were 
feasible. Thus, the model does not include provisions for 
Papital Or capacity constraints. 

d. Other Assumptions 

Several other assumptions were also made in developing the 
thesis model. Depot requisition histories do not identify 
which IPG I requisitions were submitted for items already 


carried by the ordering activities. If items were carried, 


the decision required would be how to adjust inventory levels 
to respond to increased surcharge costs, not whether the 
material should be stocked. Because there was no efficient 
method available to determine from the depot data bases which 
requisitions were for carried material, all demands were 
assumed to be for items not carried. 

Any decision to bring an item into stock is assumed to 
not affect a requisitioner’s non-IPG I actions. Separate 
inventory decisions will be made to satisfy non-IPG I demands. 
In addition, when an inventory is established for IPG I items 
brevghitthanto sted the model also assumes requisitions to 
build and replenish this inventory would be submitted using 
lower, non-IPG I, priorities. This assumption is consistent 
with UMMIPS requisitioning policy. 

The assumption is made that requisitioning activities 
will behave in a manner that minimizes their material ordering 
and holding costs; that is, they will follow the model. 
Undoubtedly, there will be circumstances when customers 
choose to pay surcharges to attain the responsiveness of IPG 
I. Although the marginal cost of raising a requisition’s IPG 
can be determined by calculating the increase in Total 
Variable Cost (TVC), the subjective criteria a decision maker 
may use in choosing to raise a requisition’s priority is 
impossible to determine. These circumstances can be extremely 
difficult to address in a decision model based on quantifiable 


Criteraar 





These assumptions allow development of a relatively simple 
and understandable "surcharge effects" model. immeorcer CoO 
relax these assumptions, the model would have grown 
exponentially in complexity without comparable gains in 


accuracy. 


Di. PREVIEW 

The next chapter will provide the background for the 
remainder of the thesis. ieee CUsciss —UMMIPS DPC 1 
policies. This discussion will be followed by a review of 
past Department of Defense (DoD) reports of requisitioning 
priority abuse. The chapter will also address Oakland’s 
concerns in this matter. It will conclude by reviewing the 
demand bases of all three depots studied in this thesis. 

Chapter III will examine the options available to DLA and 
their customers to address IPG I abuse. It will discuss 
customer reasons for IPG I ordering, and the implications of 
expanding customer inventories. 

Chapter IV will discuss the development of the model used 
to conduct the analysis and its application at the depot and 
retail customer levels. 


Chapter V will analyze the three depots’ business using 


meo-C Charts. Then it will present wire diagrams to 
illustrate model results. Finally, it will present interval 
tables for number of requisitions per stock number. ARGUES 


chapter will also examine the effects of IPG I surcharges on 


the top two IPG I requisitioning activities for Oakland and 
San Diego. 

Chapter VI will consider development of amore inclusive 
model to address the implications of IPG I surcharges. This 
discussion will also include a review of model inputs 
required. 

Chapter VII will summarize the thesis. This summary will 


be followed by conclusions and recommendations. 
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Il. BACKGROUND 


A. ISSUE PRIORITY GROUP I 

1 gp IPG I Policy 

IPG I is DoD’s highest UMMIPS requisitioning priority 
group and use is theoretically limited to only the most urgent 
material needs (OPNAVINST 4614.1F). Authorization to use IPG 
I is based on two criteria. 

First, the requisitioner, or activity supported directly 
by the requisitioner, must be in Force Activity Designator 
(FAD) category I, II, or III. FAD I is reserved for those 
mats, projects, or forces which are most important 
(Perea tiv in the Opinion of the Joime Chiefs’ of Staff (JCS) 
and as approved by the Secretary of Defense. FAD a 1s 
assigned to U.S. combat, combat ready, and direct combat 
support forces deployed to or operating from areas outside the 
fifty states and adjacent waters, Panama, and such other 
areas as may be designated by the JCS. FAD III 1s assigned to 
all other U.S. combat ready and direct combat support forces 
outside the Continental United States (CONUS) not included 
under FAD II. FAD IV and below are not authorized to use IPG 
I unless supporting an activity authorized a higher FAD. 

Second, the need that generated the requirement must meet 


Scitesia FOr req@as@ei10n wriorities O01, 02, and 03. #£=These 


Jae 


priorities are reserved for immediate requirements that render 
the activity unable to perform one or more of its primary 
missions. For repair and industrial activities (whiem 
normally carry a FAD of IV), these requisitioning priorities 
are also authorized when required for immediate use to 
eliminate an existing work stoppage (OPNAVINST 4614.1F). 

Except for the situation just mentioned, activities not 
meeting FAD I, II, or III requirements are not authorized to 
use IPG I, regardless of urgency. In addition, activities 
designated in FADs I, II, and III may only use IPG I when 
their needs meet the priority requirements described above. 

IPG I time standards are extremely stringent at all steps 
o£ the requisitioning processme@tablew). 


Table I. UMMIPS Time Standards 
a eee 


UMMIPS TIME STANDARDS 
(number of days) 


Requisition Submission 

Passing Action 

Availability Determination 

Depot/Storage Site Processing 

Transportation (CONUS & to overseas POE) 

Overseas Transportation (ex. Western Pacific) 
(Western Pacific) 

Requisitioner receipt take up 


Moo) Ww YP 


PURBRWRPRPP PB 


G) 


These guidelines create additional costs for stock points. 

Most of these costs are for labor as warehouse personnel are 
often required to work overtime and non-regular hours. Added 
costs are incurred as day-shift personnel must pick single IPG 


I orders as they occur, instead of uSing the more efficient 


re 





method of selecting several orders at the same time as the 
picker passes through the warehouse. 

2. IPG I Practices 

In practice, activities may assign high priorities 
inappropriately for a variety of reasons that comply with 
neither the letter, nor the spirit, of the UMMIPS. FOr 
example, the DoD Inspector General found four Naval shipyards 
were routinely ordering, as Nagi pr rOuuEy, material for 
regular ship overhauls when required delivery dates ranged 
from two and one half months to one year in the future (DoDIG 
Report No. 88-118). 

CDR Corbett’s random sampling of IPG I requisitions 
received by Oakland led him to believe some priorities were 
incorrectly assigned. IPG I requisitions were occasionally 
received for large quantities of common nuts, bolts, and other 
materials normally stocked by industrial activities as Pre- 
Expended Bin (PEB) items. CDR Corbett felt usimne IPG I to 
order PEB material was an indicator of poor customer inventory 
management practices and an abuse of IPG I (Corbett ‘92). 

Dizi crecently, when each service controlled its own 
Supply system, these priority abuses were often overlooked or 
tolerated. This permissive climate was radically changed when 
all services’ material support functions were consolidated 


under DMRD 902. 
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Among the principal objectives of this consolidation was 
the elimination of redundant operating capacity such as excess 
warehouse space or service unique inventory management 
software. The end of the Cold War added to this excess as the 
military services began to downsize. In addition, DLA began 
evaluating in earnest which of their activities should remain 


open and which should be closed. 


B. OAKLAND’S CONCERNS 

As discussed earlier, one factor used by DLA in deciding 
which activities to close is the cost to issue material. This 
cost criterion places Oakland and other activities with a high 
proportion of IPG I requisitions at a disadvantage relative to 
other DLA stock points. This disadvantage is caused by Smee 
additional costs necessary to meet IPG I response 
requirements. Should DLA place significant weight on this 
Criteria, activities with high IPG I demand percentages would 
be among the first closed. 

Supply activities with higher proportions of IPG I 
requisitions also tend to have higher proportions of customers 
required to maintain increased degrees of readiness (FAD I, 
Ii, or III). To eliminate these customers’ closest source of 
supply may be detrimental to their ability to sustain this 
required degree of readiness. 

Imposition of surcharges on IPG I requisitions is one 


alternative contemplated by DLA to recoup IPG I expenses and 


14 





retain Oakland and similar activities. An additional benefit 
See lPG I surcharges would be to discourage frivolous high 
Merority requisitions. Theoretically, legitimate IPG I 
customers would be willing to pay a premium to expedite the 
receipt of vitally needed material. Priveral  1Pe 
requisitions would be reduced or eliminated as customers would 
now be faced with additional surcharge-driven costs. 

These surcharges may influence retail customers to 
increase inventory ranges and depths to avoid the need to 
Submit more costly IPG I requisitions. This decrease in IPG 
I requisitions would reduce supply system stress as inventory 
replenishment requisitions would not require monitoring by 
both depot and customers expeditors. Finally, readiness would 
be enhanced as material shortfalls were eliminated through use 
of retail inventories. Remaining IPG I requisitions visible 
to the system should be legitimate high priority requirements. 

The quandary CDR Corbett faced can be summarized as 
follows: (1) Concern for Oakland’s continued viability as a 
stock point would favor imposition of surcharges to reduce the 
abuse and quantity of IPG I requisitions. Oakland would also 
be compensated for IPG I requirements by surcharge revenues. 
(2) These benefits are mitigated by concern for Oakland's 
memati)! Customers. In an era of austere funding, these 
Customers would be forced to pay additional costs to use IPG 


I to fulfill legitimate urgent material requirements. CDR 


IE) 


Corbett submitted this problem to NPS as a prospective thesis 


EeRaee 
oe DEPOT DEMAND BASE REVIEW 


To study the impact of DLA’s proposed IPG I surcharge 
policy, three DDRW stock point customer bases were examined. 
Fach depot’s customer base is discussed in the following 
subsections. 

Ll. Oakland 

a. History 

Defense Depot Oakland Center (DDOC) was established at the 
beginning of World War II as a Naval Supply Center (NSC). NSC 
Oakland served as the principal distribution point for support 
of fleet operations in the Pacific and Indian Oceans. 

During World War II, Oakland operated around the clock to 
supply U.S. Forces with 28 million tons of material per year. 
In the late 1960s, Oakland served as the main continental U.S. 
(CONUS) source of logistical support to Vietnam. In a one- 
year period, Oakland issued enough material to cover 250 
football fields to a height of four feet. (DDOCPRD ‘92} 

After the Vietnam war, NSC Oakland continued to provide 
logistics support for U.S. military activities throughouUr@ea. 
Pacific and central California. It also became a principal 
transshipment point for surface shipments to all types of U.S. 
government activities throughout the Pacific. 

In 1983, a state-of-the-art automated material handling 


system was integrated with a computer software system into the 
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Naval Integrated Storage Tracking and Retrieval System 
MibsTARS). This resulted in one of the most modern physical 
Gistribution facilities in the world and served as the 
prototype for the Naval Supply System. 

ries 9, NSC Oakland, along with other central 
California DoD Supply Activities, was designated to 
participate in the DMRD 902 Supply Depot Consolidation 
prototype. In June 1990, Ene Gastmabution funct@ens and 
resources were transferred from the Naval Supply Center 
Oakland to Defense Distribution Region West to form the 
consolidation prototype. Ar Geme thewmeiictietouieronesrunetaons 


were consolidated under Defense Logistics Agency management in 


1990, major Navy missions remaining at Naval Supply Center 
Oakland include regional finance and contracting, personal 
property, base operations, and the fuel pier at Point 
Molate. 


Storage and retrieval functions in Oakland’s principal 
warehouse continue to be controlled by NISTARS, which 1s 
designed to interface with NSC’s Uniform Automated Data 
Processing System for stock points (UADPS-SP) and is not 
compatible with DDRW’s DLA Warehousing And Shipping Procedures 
(DWASP) system. To overcome this incompatibility, NSC 
Oakland’s UADPS-SP system is used to manage DLA materials held 
in the NISTARS warehouse. 

Inventory management in Oakland is also affected by the 


continuing transfer of consumables from the Navy to DLA under 
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DoD‘s Consumable Item Transfer (CID) pmogmame (Corbert 2. 
As control of this material is assumed by DLA, many line 
1tems are being transferred from Oakland to either Sharpe or 
Tira. This physical transfer of materials to DLA, and 
consolidation within DDRW facilities, 1s not expected to be 
completed for some time to come. 
b. Customer Base 

Naval aviation maintenance units dominate DDOC’s demand 
base. The complete customer base in shown in Appendix A. 
They are responsible for over forty-seven percent of all IPG 
I requisitions received by DDOC. In addition, twenty-eight 
of the top fifty IPG I ordering UICs during the period studied 
are aviation units. These UICs are listed in descending 
number of requisitions submitted in Table IV. Naval Aviation 
Depot (NADEP) Alameda is, by a large margin, DDOC’s most 
prolific IPGL requmenercomew: Its primary mission is to 
perform depot level maintenance on aircraft airframes, 
avionics, engines, and other systems. In additicm a 
Significant portion of NADEP’s workload is to recondition 
Depot Level Repairables (DLRs). DLRs are usually expensive 
system components that are repaired when inoperable and 
released as fully repaired and ready for use assets to the 
Navy supply system. 

The Uniform Material Movement and Issue Priority System 


(UMMIPS) allows industrial activities to order using IPG I to 
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Table II. Aviation Units among Top Fifty DDOC IPG I ordering 


WLes. 
a a A III me me | 


lglg itt 

S5005 NADEP Alameda, CA 

00296 NAS Moffett Field, Mountain View, CA 

v5 34 NAS Barbers Point, HI 

48758 Naval Air Pacific Repair Activity Plant 
Detachment Office, Atsugi, JA 

Ze.9 7 USS ABRAHAM LINCOLN (CVN-72) 

00620 NAS Whidbey Island, WA 

D0 23:6 NAS Alameda, CA 

oulo7 7 NAS Guam, MI 

62876 NAS Cubi Point, RP 

OoTZ4 MALS 24, Kanoehe Bay, HI 

OTe em oe USS INDEPENDENCE (CV-62) 

60200 NAS Cecil Field, Jacksonville, FL 

09112 MALS 12 

60462 NAS Adak, AK 

60259 NAS Miramar, CA 

68212 NAF Misawa, JA 

65886 NADEP NAS Jacksonville, FL 

65923 Marine Aviation Depot, Cherry Point, NC 

09136 MALS 36 

00421 Naval Air Test Center, Patuxent River, MD 

65888 NADEP NAS North Island, CA 

Oi a aa MALS 11 (Rear), 3rd MAW, MCAS El Toro, CA 

48759 Naval Air Repair Activity Det., Kimhae, SK 

60087 NAS Brunswick, ME 

68753 Naval Air Pacific Repair Activity Det., 
Singapore 

23.610 USS AMERICA (CV-66) 

wUz 07 NAS Jacksonville, FL 

03369 USS DWIGHT D EISENHOWER (CVN-69) 


eliminate existing work stoppage. (OPNAVINST 4614.1F) Hence, 
as an industrial activity, NADEP (FAD IV) may use IPG I under 
these circumstances. NADEP further uses IPG I to restock Pre- 
Expended Bin (PEB) items when necessary. PEB items are low 
value, common use consumable materials that are stocked in 
bulk and issued as needed without documentation. They are 


restocked when predetermined low limits, based on demand 


Ls 


history and lead time, are reached. At present, NADEP does 
not have either a two-bin, kanban, or other system, Te. 
easily determine when low limits have been reached. 

As described by Mr J. Wilcoxen, NADEP Alameda’s Material 
Manager, a significant portion of NADEP’s IPG I requisitions 
are generated as a result of Naval Air Systems Command 
(NAVAIR) DLR Turn-Around Time (TAT) standards. For some 
Critical DLRs, TAT allowances can be as short as fifteen days 
from initial diagnostic inspection until reissue as an 
operational asset. Since part requirements are virtually 
unknown until initial inspections are complete, IPG I is 
often necessary to insure these parts are received in 
sufficient time to allow completion of repairs by the 
deadline. 

Finally, NADEP management takes a liberal view of the 
UMMIPS definition of work stoppage. If planning or progress 
review reveals that a delay may occur in completion of a job 
due to lack of materials, NADEP will requisition using IPG I 
to prevent this possible delay. 

Other aviation maintenance units contributing to the high 
proportion of Oakland’s IPG I customer base include Naval Air 
Stations (NAS) (FAD III) and Marine Aviation Logistics 
Squadrons. (MALS avs AD sre Both activity types perform 
essentially the same aircraft maintenance mission as NADEP, 


but at intermediate levels. Intermediate maintenance is less 


20 





complex than depot levels. Their IPG I requirements are also 
generated to eliminate work stoppage. 

im adeneren, Materials are habitually required to meet 
urgent operational commitments One shore-based patrol 
squadrons. in paBwrerewlar: NAS Moffett Field generates 
copious IPG I requisitions to support P-3 Orion squadrons. 
These IPG I requirements are expected to continue and may 
actually increase temporarily as Moffett Field draws down its 
storeroom stocks in light of the closure of the Navy’s 
facilities at Moffett Field and the anticipated transfer of 
the facilities to the National Aeronautics and Space 
Administration (NASA), a current tenant of the base. 

Oakland’s major IPG I requisitioning constituencies also 
Emelwade Other types of industrial activities. In particular, 
Mare Island Naval Shipyard is Oakland’s second highest IPG I 
Mequisitioning customer. These requisitions are placed 
primarily in support of depot level overhauls of nuclear 
submarines. 

Im addition to Mare Island, other Naval Shipyards» (NSY) 
Such as Bremerton, Long Beach, and Pearl Harbor; Ship Repair 
Facilities (SRF) such as Yokosuka, Subic Bay, and Guam; and 
Ship’s Intermediate Maintenance Facilities (SIMA) such as San 
Mifaanicasco, San Diego, and Pearl Harbor, contribute 
Significantly to Oakland’s IPG I demand base. These 
activities perform depot (NSYs) and intermediate (SRFs and 


SIMAs) level maintenance on all types of ships and submarines. 


al 


As with aviation @mdusStrialw activitmes, these units are 
allowed to use IPG I to eliminate work stoppage. Fina lle; 
SRF Guam and other forward positioned activities often perform 
emergent voyage repairs oon deployed ships. IPG I 
requisitioning 1s often required to complete these repairs in 
a timely manner in order to allow the ship to meet operational 
commitments. 

The Bay Area is the homeport for eighteen ships including 
two nuclear-powered aircraft carriers, three nuclear 


Cruisers, two reserve frigates and various logistics support 


ships. These operational units constitute the final major 
sources of IPG I requisitions. Because they are required to 
maintain full mission capability at all times, they may 


requisition using IPG I to restore mission debilitating 
equipment casualties or to meet operational commitments. 
These ships are also authorized to use higher requisitioning 
priorities within IPG I because they are FAD I and II 
aCcEiylerect Finally, combatant ships are FAD I and are 
allowed to use IPG I priorities to meet operational 
commitments. 

2. San Diego 

a. History 

Naval Supply Depot (NSD) San Diego was established in 1922 

to serve the needs of the growing number of Pacific Fleet 


ships stationed in Southern California. At that time the 


ae 








first official permanent Navy logistics establishment in San 
Diego, the La Playa Coaling Station at Point Loma, was also 
merged with the NSD. NSD received its first materials in 
February 1923. 

fiero Al , the first Navy pier was built. PYVOr 20 
construction of this pier, replenishment of ships could only 
me accomplished by boat. As the fleet grew to meet the 
demands of World War II, NSD also expanded. As part of this 
increase, a south wing was added to the original six-story 
Supply depot, and a seven-story warehouse was constructed 
next door in 1943. 

NSD continued to expand after World War II as eight 
warehouses were constructed at the Naval Station Annex to 
Support expanding material storage needs. By the end of the 
Peietes, —NSD’s customer base had grown significantly. Asa 
result, in 1959 it was recommissioned as the Navy Supply 
Seneer (NSC), San Diego. 

In 1973, NSC San Diego assumed logistics support for Long 
Beach Naval Station, ships homeported in Long Beach, and Long 
Beach Naval Shipyard. NSD Long Beach was then closed as part 
of a Navy initiative to streamline shore establishments. In 
1980, as a consequence of another consolidation effort, NSC 
San Diego assumed responsibility for aviation material and 
absorbed functions previously performed by the NAS North 


Island Supply Department. 
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Recently, NSC San Diego turned over its physical 
distribution operations to DLA and its payroll) eperattem sme 
the Defense Finance and Accounting Center (DFAC). These 
changes occurred as a result of DoD’s DMRD to streamline 
operations. 

In addition, NSC maintains a fuel department which stores 
more than a million barrels of aviation and shipboard fuels. 
Bach year there 1s an annual throughput of more than twelve 
million barrels. NSC’s contracting departments also buy more 
than 75 million dollars worth of spare parts and services per 
year, primarily from local vendors. 

Finally, as a result of the recent DMRDs, NSC San Diego 
has become the west coast pilot location for the Fleet 
Industrial Supply Center (FISC) conceptw Today, as FilS@@e ae 
Diego, the center operates in Southern California from Long 
Beach in the north to Point Loma in the south and employs more 
than 750 civilians and 31 military personnel. 

b. Customer Base 

As with DDOC, naval aviation maintenance units dominate 
DDDC’s demand base. The complete customer base in shown in 
Appendix B. They are responsible for over fifty-nine percent 
of all IPG I requisitions received by DDDC. In addt@iem: 
thirty-eight of the top seventy-five IPG I ordering UICs 


during the period studied are aviation units. These UICS are 
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listed in descending number of requisitions submitted in Table 
id. 
Table III. Aviation Units among Top Seventy-Five San Diego 


mPG ZI Ordering UICs. 
Oe i a rrr rng TT errr Te er ene sem 








Uke whe T 
65888 NADEP North Island, San Diego, CA 
SU 256 NSY Long Beach, CA 
60259 NAS Miramar, CA 
00246 NAS North Island, San Diego, CA 
63126 PMTC Point Mugu, CA 
63042 NAS Lemoore, CA 
09124 MALS 24 Kanoehe, HI 
U5500 USS AMERICA (CV-66) 
00188 NAS Norfolk, VA 
03362 USS INDEPENDENCE (CV-62) 
oe wesys SRF Yokosuka, JA 
60200 NAS Cecil Field, Jacksonville, FL 
65886 NADEP, NAS Jacksonville, FL 
09112 MALS 12 
9.48 1) 1 MALS 11 
C5923 Marine Aviation Depot, Cherry Pt, NC 
DAVIES USS ABRAHAM LINCOLN (CVN-72) 
05359 USS FORRESTAL (CV-59) 
09116 MALS 16(Rear), 3rd MAW, MCAS Tustin, CA 
62876 NAS Cubic, Point, RP 
00383 ASO Philadelphia, PA 
09808 MALS 39 Camp Pendleton, CA 
65889 NADEP NAS Pensacola, FL 
03369 USS DWIGHT D. EISENHOWER (CVN-69) 
2363 USS KITTY HAWK (CV-63) 
60191 NAS Oceana, Virginia Beach, VA 
0353560 USS SARATOGA (CV-60) 
, 00620 NAS Whibey Island, WA 
Geer) NAS Guam, MI 
62995 NAS Sigonella, IT 
48758 NAPRAPRO, Atsugi, JA 
09131 MALS 31 Beaufort, SC 


Name Norcem = =!sland as DDDC’s most prolific IPG I 
requisitioner. Its primary mission is to perform depot level 
maintenance on aircraft airframes, avionics, engines, and 


other systems. As with DDOC, Seecadnifticam porter of 


aS 


NADEP’s workload is to recondition DLRs. Further aviation 
maintenance units contributing to the high proportion of San 
Diego’s IPG I customer base include NASs and MALSs. 

Just as Mare Island NSY is to Oakland, Long Beach NSY is 
to San Diego in generating the second highest number of IPG I 
requisitions. Long Beach NSY is the Navy’s only West Coast 
non-nuclear qualified shipyard. Its primary Mission ise 
overhaul surface combatants. 

Long Beach NSY is, however, only one of several non- 
aviation industrial activities that are major San Diego IPG I 
requisitioning constituencies. These constituencies include 
other NSYs such as Mare Island, Bremerton, and Pearl Harbor; 
SRFs, and SIMAs. Again, these units use IPG I to prevent 
work stoppage. Finally, as in Oakland, forward positioned 
activities often perform emergent voyage repairs on deployed 
ships. IPG I requisitioning is often required to complete 
these repairs in a timely manner to allow the ship to meet 
operational commitments. 

Southern California is the Homeport to over cone humeaes 
and thirty ships of all types ine®uding three Yamuew.ws 
CaruLens, twelve cruisers, fifteen nuclear-powered 
submarines, and various logistics support ships. Unlike 
Oakland, which has a relatively small number of afloat units, 
San Diego has the largest concentration of Naval ships in the 
Pacific Fleet. These operational units constitute the 


largest, but neotwthe most) @omeli tice, IPG I constituency 
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discussed. The commands to which these ships are assigned 
[isl Maintain full mission capability at all times. 
Therefore, as in the case with the ships homeported in the 
Oakland area, they may requisition using IPG I to restore 
mission debilitating equipment casualties and to meet 
operational commitments. These ships are also authorized to 
use higher requisitioning priorities within IPG I than 


mreustrial ae@etivetties: 


3. Sharpe 
a. History 

In 1942, the Sharpe site was officially dedicated as the 
Lathrop Holding and Reconsignment Point. What was once a 
central California sheep ranch was transformed into a major 
weer cary ™ supply installation capable of loading 6,000 ‘rail 
cars per month with supplies and equipment at its wartime 
peak. Often up to 450 rail cars were loaded or unloaded 
poreiin 24 hours. 

Following World War II, the depot underwent administrative 
changes as supply missions changed and assumed a new name in 
1948. The depot was named Sharpe General Depot in honor of 
Maj. Gen. Henry G. Sharpe, Quartermaster General of the Army 
moor L905 to 19178. 

The lull after World War II was terminated by the Korean 


War. Sharpe’s level of activity rebounded to its earlier high 


Ja 


aS manpower, shipments, and missions doubled during this 
three-year effort. 


Supply operations were gradually curtailed when the Korean 


War ended and, DS Oe Slgnificant changes affecting 
Sharpe’s future role were taking place. DoD instituted the 
"Single Manager Concept." This put the depot into the 


business of providing medical supplies and subsistence on a 
large scale for its sister services. 

The Sharpe site became Sharpe Army Depot in 1962 when the 
depot was assigned to the Army Supply and Maintenance Command. 
In 1965, the nation again called upon Sharpe to support the 
Vietnam War. Hundreds of Army aircraft, both fixed-wing and 
helicopters, were arriving at Sharpe to get ready for 
Shipment overseas. Twenty-four hour operations began and 
Sharpe became the major pipeline for supplies moving westward 
to Southeast Asia. 


Sharpe eventually became the Army’s supermarket as items 


such as amphibious watercraft, helicopters, generators, 
jeeps, EmuGcicggs bridgebuilding equipment, nuts, belts? 
SCrews, and insect repellent were among the hundreds of 


thousands of items in the Sharpe inventory. 

In 1985, construction began on an ultra-modern warehouse 
facility at Sharpe as part of the Army’s Area of Operational 
Responsibility (AOR) regional supply depot program. This 
facility’s features include ieee Storage racks with man- 


riders similar to, but on a greater scale, than the system in 
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Oakland. Additional features include receiving assist devices 
including bar code readers and on-line terminals at 
receiving/inspection stations, storage and shipping stations 
with bar code readers, and an automated guided vehicle 
system. The facility was completed in 1991, with computer 
links to DDRW headquarters in Tracy achieved during October of 
m9 2 . 
b. Customer Base 

The top one hundred Sharpe IPG I requisitioning activities 
reflect a wider variety of services than either Oakland or San 
Diego (Appendix C). Over ninety-five percent of the two 
latter activities top IPG I customers were either Navy or 
Marine Corps. Understandably, however, seventy-five percent 
of Sharpe’s IPG I requisitions were submitted by Army 
activities. The remaining twenty-five percent reflect 
requisitions submitted by the other three services; the 
majority being from the Marine Corps and Air Force (Table IV). 
In fact, Sharpe’s most prolific IPG I customer is the Marine 


@erps Logastacs Center ateBarstow, California. 


es, 


Table IV. Sharpe Customer Base By Service. 
Tea nm SSR RE gee mm rng” snc 


Sharpe Customer Base by Service 


Service # of Activities #TPG IT Reqns 3% of Total 
Army 5 es 22,726 eee 
Marines 8 ee 0 laee 
Air Force 16 i Ol ol) dies) 
Navy gis AGS: Ouse 
Totals gt Sip pgs papel TOG 


A major point of interest in examining Sharpe’s customer 
base 1S the existence of an ad hoc two-tiered support system 
within Army activities. Tt 1S possible, in extreme 
Circumstances, for an isolated operational unit to submit 
requisitions, including IPG Is, directly to its designated 
regional depot. The more common procedure is for the 
requisitions to be accepted by either a direct or general 
support unit which will, in turn, process them to the higher 
level (depot). In cases where no support units are co-located 
with the requisitioner in question, requisitions are 
submitted to the installation activity (either logistics or 
industrial operations) who, in turn, transmits at to themes 
higher level. It is important to note that these installation 
activities have no endemic support relationship to operational 
units and perform these services solely upon special 
arrangements agreed upon between the supported unit and the 


installation conmander. 





Ifill. ALTERNATIVES 
There are many reasons, both favorable and unfavorable, 
for a customer to requisition using IPG I. This chapter will 
discuss why customers use IPG I and suggest three alternatives 
that DLA could consider to curb IPG I abuse. The advantages 


and disadvantages of these alternatives are also discussed. 


A. CUSTOMER REASONS FOR REQUISITIONING USING IPG I 

As discussed in the last chapter, IPG I 1s designed to 
expedite urgent material requirements. For operational units, 
urgency corresponds to repair of critical equipment, the loss 
Siewhich seriously impairs the unit’s ability to carry out its 
mission. Therefore, operational unit urgent requirements are 
well defined and IPG I abuse is relatively easy to uncover. 
In addition, these units are subject to Supply Management 
Assessments (SMA) by their immediate superior once every 
eighteen months and violations of UMMIPS standards are 
considered major inspection discrepancies (NAVSUP P-485). 

For industrial units, urgency equates to work stoppages 
Mnvehspotentially can ereate’ significant additional costs in 
lost labor hours and slipped production schedules. UMMIPS 
Standards are very specific for“industrial activities. They 
authorize use of IPG I only to eliminate existing work 


stoppages. In practice, em some ianduStriaw activities’ 


oe: 


material managers, this policy is equivalent to "closing the 
barn door after the horse has run out" (Wilc¢oxen ~92) ye 
result, some industrial activities may use IPG I proactively, 
in violation of UMMIPS guidelines, to requisition materials 
necessary to prevent predicted work stoppages. 

This proactive practice not only cGontributes to peice, 
abuse, but industrial material managers often rationalize 
their definition of impending work stoppage to the point where 
IPG I responsiveness becomes the expected norm. This may lead 
to lower priorities becoming unacceptable for even routine 
requirements as industrial activities attempt to minimize 
ordering lead times. 

Repair turn-around time reductions have been 
institutionalized at industrial activities in response to 
policies imposed upon them by their superiors. For example, 
Naval Air Systems Command’s (NAVAIR) "open and inspect" policy 
for NADEP repair of Depot Level Repairables (DLR) states that 
the time standard a NADEP is required to meet in returning 
components to operational condition is applied to the time 
interval in the NADEP which begins when the component is first 
opened and inspected to determine repair requirements 
(Wilcoxen ‘92). This policy forces limits on both material 
ordering lead times and tolerance for variation in lead times 
(the shorter the lead time, the smaller the variation in lead 


time performance). 
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Mead ltiweny= = nemeOslt omer Carrying 1mventories contribute 
EO industrial activities’ overhead expenses. In the past, 
these carrying costs were accepted as being the less expensive 
alternative when compared with not having critical materials 
available when needed. In other words, carrying inventories 
was a preventive strategy used by these activities to avoid 
stockouts and the associated work stoppages. This strategy 1s 
now prohibitively expensive as shipyards and aviation depots 
come under increasing pressure to reduce overhead costs and 
follow the Defense Base Operating Fund (DBOF) guidelines that 
encourage competition with private commercial activities. 

As a consequence, both government and commercial repair 
activities are now turning to Just-In-Time (JIT) management 
techniques to reduce turn-around times and inventory carrying 
costs. For government activities, these techniques also 
encourage increased use of IPG I requisitioning. As long as 
shipyards and aviation depots are not penalized by paying 
increased prices for use of IPG I, Gost Mingmization, 
Sempetieave pressures, and JIT dietate IPG I requisitioning. 

Finally, the lack of rigorous audits by their superiors of 
industrial activities’ UMMIPS performance contributes to this 
perception of IPG I’s purpose. For example, based on one 
author’s experience, non-nuclear shipyard material operations 
are subject to a cursory tri-annual NAVSEA audit. This audit 
1s normally completed in one week or less and findings are not 


Subject to the same scrutiny as in operational units. 
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B. ALTERNATIVES AVAILABLE TO CURB IPG I ABUSE 

UMMIPS policy already places restrictions on the use of 
IPG I through the FAD and priority systems. These constraints 
are compounded by upper limit restrictions on amounts of IPG 
I and II requisitions each activity type may submit (OPNAVINST 
4614.1F). For example, no more than, eighty percent of all 
requisitions submitted by a submarine may be IPG I or II. 
Aviation depots and shipyards are similarly limited to an IPG 
I and II ceiling of no more than fifty percent of all 
requisitions submitted. DLA already has the capability to 
generate reports by UIC that list, by IPG, total amounts of 
requisitions submitted (Green ‘'92). DLA could aggressively 
enforce the UMMIPS ceilings, or set their own IPG I limits. 
To deal with activities exceeding these ceilings DLA could: 
(1) refuse to process these additional IPG I requisitions; (2) 
automatically downgrade any additional requisitions to IPG II 
ere Thr AD and (3) impose penalty costs in the form of 
Surcharges on all IPG Is. 

The first alternative of simply refusing to process IPG I 
requisitions over a set limit is not reasonable. DLA’s 
primary mission 1s to support their customers. Flat refusal 
to process these requisitions is inconsistent with this 
mission. Therefore, automatic downgrading of or applying 
penalty costs to IPG I requisitions is much more practical. 

Current DLA practice @Sm@tomreduce “tom PGel II “amg Tr oa 


requisition that does not cite certain Required Delivery Dates 
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Pemypeand Project codes (Corbett ‘92). The advantage of this 
mpe Of policy is that customer requisitions would continue to 
remain valid in the supply system but their lead times would 
increase in accordance with the lower priority standards. 
This automatic downgrade policy was established to insure 
illicit IPG I requisitions were filtered out and not 
expedited. DLA could broaden this concept to expand the 
number and types of IPG I requisitions subject to automatic 
downgrading. 

By adapting this restrictive policy, DLA could also 
predict their IPG I workload and plan accordingly. DLA could 
even determine their desired workload requirements first, and 
then set their ceilings to insure this desired workload is not 
exceeded. Untertunately, this policy is relatively 
insensitive to real world shifts in customer needs and, 
therefore, should be carefully monitored by DLA. 

The final alternative suggested would be to impose a 
penalty cost, in the form of a surcharge, Opemcivaa PG 1 
requisitions. One advantage of using surcharges as a method 
to control IPG I abuse is they can be tailored precisely to 
the customer. As described above, use of IPG I by 
operational units is tightly restricted by policy. These 
restrictions are then enforced through rigorous inspection and 
reporting procedures. Therefore, these units’ IPG I 
requisitions are likely to be legitimate and they should not, 


under any circumstance, be required to pay IPG I surcharges. 


OD 


Other units, including industmial activities, Not sub Jeers 
rigid oversight could be levied a surcharge by DLA for their 
use of IPG I. 

Surcharges also have the advantage of leaving the ultimate 
decision up to the customer as they would be required to 
evaluate if IPG I responsiveness is worth the additional cost 
(surcharge) they must pay. In other words, market forces 
would determine the value of responsiveness to each customer 
if they must pay a premium price for that responsiveness. 

Upon intuitive evaluation of the above alternatives, CDR 
Corbett felt that the concept of surcharge imposition may be 
the preferable method for curbing customer abuse of and 
reducing DLA’s costs associated with IPG I requisitions 
(Corbett ‘91). This reasoning, reinforced by cursory evidence 
available at the time, lead to his request for further 
research on the potential for development of a surcharge 


effects model by the students at NPS. 
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IV. MODEL EVOLUTION 


A. BACKGROUND 
1. Previous Models 
a. Material Logistics (MN3372) Course Project 

The first feasibility test of this thesis topic was as a 
research paper for The Naval Postgraduate School’s (NPS) 
Material Logistics course (MN3372) (Halkias & Miller ‘92). 
Halkias and Miller developed a model for emulating the 
Shipboard Uniform Automated Data Processing System (SUADPS) 
Demand Based Item (DBI) procedures for consumables at 
mechanized consumer or intermediate level activities (NAVSUP 
F553). 

The first part of the model consisted of the inequalities 
used to decide when to stock or retain an item in stock. The 
rules are that an item will be stocked if annual demand is 
greater than two units per year. Items will be retained in 
stock if there was at least one unit of yearly demand. 

Once an item meets these stockage thresholds, the SUADPS- 
DBI mechanism establishes a reorder point and requisitioning 
objective. The reorder point is created by adding a 
predetermined safety level to the number of units required to 
meet the average demand during an order and shipping time 


Specified by OPNAVINST 4614.1F. The requisitioning objective 
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is determined by adding an operating level to this reorder 
point. The operating level, or order quantity, 1s based on 
the average monthly demand, item unit price, ordering costs, 


and inventory holding costs (Equations 1 anda 


ROP=(SLF*AMD) + (OSTF*AMD) (iy 


RO=ROP+V¥24A/H YAMD/UP (2) 


where 
ROP"= Reorder Pointe (low mime). 


RO = Requisition Objective (High Limit) ; 


SLF Safety Level Factor; 


AMD Average Monthly Demand; 


OSTF = Order & Ship Time Baceor, 
A= Ordering -cect. 


H Holding Cost Rate; and 


UP = Unit Price 

To test surcharge effects on this model, a flat rate 
Surcharge variable was added to the ordering cost and/or the 
unit price waS increased by the percentage surcharge. The 
Safety Level Factor (SLF) was also adjusted separately from 
Six months to three months to ascertain its effects on the 
model when altering surcharges. A fictional data base was 
developed in the MN3372 project to perform a sensitivity 


analysis of these two types of surcharges alone and in 


38 





combination. The model and fictional sample data base were 
mertten into a “Lotus 1-2-3" spreadsheet application. 

Sensitivity analyses were conducted by altering unit 
melces using a range of percentage surcharges to assess the 
effects of those surcharges on ordering decisions. Flat rate 
surcharges also were tested by progressively increasing the 
administrative order cost portion of the model. Both types of 
surcharges were set at a variety of levels both individually 
and in combination. Total dollar values and number of items 
stocked 1n inventory were recorded at each level. Customer 
response was displayed by plotting the changes in inventory 
levels and dollar values as percentage and flat rate IPG I 
surcharges were imposed. 

Graphs of the results of these analyses were examined for 
trends (Figures 1 through 6). These trends are a result of 
the changes mentioned above. This simple model revealed 
fundamental phenomenons that have continued to hold true as 
both models and databases evolved in their complexity. First, 
even a modest percentage of unit price as a surcharge can 
rapidly affect both the level (number of items carried) and 
total value, which includes the surcharge, of inventory 
Carried (see Figures 1 and 4). Review of the fictional data 
base revealed this was especially true for more expensive 
items. 

Next, requisition flat rate surcharges exerted a strong 


influence on the inventory depth of customer-stocked items as 


aS 


a consequence of the customer attempting to reduce the number 
of requisitions submitted. Inspite of that, the value of the 
inventory does not increase very much (see Figures 2 and 5). 

Review of the fictional data base disclosed flat rate 
surcharges tend to be more effective for lower priced items 
with few demands because the flat rate drives up total 
requisition cost independent of unit price. In combination, 
flat rates were quickly overshadowed by even modest percentage 
surcharges. Finally, when the Safety Level Factor (SLF) was 
reduced to three months levels, the number of items stocked 
and the dollar values of inventory carried dropped 
Significantly (compare Figures 1, 2, and 3 with Figures 4, 
5 sands) 

Unfortunately, the SUADPS-DBI decision process was not 
Suitable for this) ehesis. In that process stock Yange 
decisions are based on the yearly quantity demanded exceeding 
two and then one to retain. Unit costs are not considered in 
making this part of the decision. Therefore, surcharges 
would not be a factor in déciding s@ock. 

An additional shortcoming of the SUADPS-DBI decision 
process waS its inability to deal with the effects of 
surcharges on items not brought into stock due to an annual 
demand of less than two units. Surcharges could conceivably 
justify stocking a small quantity of these items as the least 
cost alternative. This could occur if surcharge policies were 


structured in a manner sufficient to penalize even low 
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Figure 1. Percent Surcharge Only; Safety Level and Order & 
Seo Lime = 6 months 
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Figure 2. Flat Rate Surcharge Only; Safety Level and Order & 
Ship Time = 6 months 
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Figure 3. Percent/Flat Rate Surcharge Combinations; Safety 
Level and Order & Ship Time = 6 months 
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Figure 4. Percent Surcharge Only; Safety Level = 3 months, 
Order & Ship Time = 6 months 
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Figure 5. Flat Rate Surcharge Only; Safety Level = 3 months, 
Sncer s Ship Taimes= 6 months 
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Figure 6. Percent/Flat Rate Surcharge Combinations; Safety 
Level = 3 months, Order & Ship Time = 6 months 
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frequency orders of one or less unit per year. 

tiemreinaleshertcoming wsethe lackwof cost elements im the 
reorder point calculation. Surcharges would increase the cost 
Mmeeessuing @HEG [ requisitions to fill stockottt demands. 
Therefore, to avoid paying these higher costs, the safety 
level portion of the reorder point equation would be expected 
to increase as IPG I surcharges were imposed. The SUADPS-DBI 
process contains a predetermined "Safety Level Factor" 
determined by Naval Sea Systems Command (NAVSEA), or Naval Air 
Systems Command (NAVAIR); 1t does not include a direct method 
to ascertain the effects of surcharges on safety stocks. 

b. Logistics Engineering (MN4310) Course Project 

The MN3372 project theme was further refined by follow-on 
research conducted for NPS’s Logistics Engineering course 
(MN4310) (Ebert, Halkias, Miller, Parker ‘92). DDOC 
provided the Unit Identification Codes (UICs) and the total 
mum@eers Of IPG I requisitionswsubmitted by their top fifty 
customers over a nine-month period from June 1991 through 
Mem chr 19:92 

Analysis of this data revealed that a high proportion of 
customers were industrial activities. In particular, Naval 
Aviation Depot (NADEP) Alameda submitted roughly forty percent 
of DDOC’s IPG I requisitions. NADEP Alameda’s primary mission 
is to perform depot level aircraft maintenance. Naval Air 


Stations (NAS) accounted for an additional twenty-nine percent 


4’7 


of all demands. These air stations submitted their 
requirements to support intermediate level maintenance 
actions. When Naval Shipyards and other ship repair 
facilities were included, industrial activities accounted for 
approximately eighty-five percent of DDOC’s IPG I customer 
requisitions. 


Industrial activities present unique difficulties for 


inventory modelers. These activities order materials to 
complete specific actions referred to as jobs. With the 
exception of generic consumable materials, these activities 


do not normally maintain inventories to sustain fleet 
readiness. 

This research paper attempted to duplicate the decision 
logic a material manager might exercise in deciding whether to 
continue IPG I requisitioning as urgent needs arose or 
Maintain limited inventories. A "Lotus 1-2-3" spreadsheet 
application was used to address the tradeoff between ordering 
as requirements occurred with an IPG I surcharge and 
maintaining an inventory and ordering without a surcharge 
based on EOQ reorder point calculations. As DDOC provided 
only UICs and their total numbers of IPG I requisitions, an 
accompanying "fictional" individual requisition data base was 
created to facilitate the tradeoff analysis. 

The annual costs to order with a surcharge were 
calculated by multiplying the annual quantity of an item 


demanded by the surcharge-adjusted unit price for that item. 
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This adjustment was accomplished by multiplying the unit price 
Seeone plus Che decimal fraction (associated with the percent) 
aie eme percent surcharge, then addingethe flat»rate surcharge 
mom this total. The annual quantity demanded was then 
mmtiplied by the original unit price and was subtracted from 
the adjusted annual costs to provide only the total annual 
costs associated with the surcharges. 
Determining the costs to stock without a surcharge was 
a more complex process. PrerorstomHOO comomtations, the 
fictitious data base was examined for multiple requisitions 
for identical items. These multiple requisitions were 
mem@eluded in the fictitious data base tostest EOO reordering 
frequencies vice IPG I requisitioning as individual demands 
occurred (unless EOQ is equal to one unit, fewer requisitions 
would be generated using an EOQ model than would be if a 
requisition was submitted for each unit demanded). Multiple 
requisitions for identical items were totalled by quantity 
ordered at the bottom of the spreadsheet in order to simulate 
annual demand. This sum was used to calculate EOQ for the 
item. The EOQ was also calculated for unique single 
requisitions; in these cases, quantity ordered was assumed to 
be annual demand. 
These EOQs were then used in the average annual total 
variable cost equation to determine the annual total variable 
Se-—cSatouw Order and carry im stock. Both total cost to stock 


and total cost to order were based on the total cost equation 
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used to derive the deterministic EOQ without backorders 
(Tersine ‘88). 

Surcharges were not applied in determining stockage costs 
as the assumption was made that inventory reorders would be 
made using routine priorities as required by the calculated 
reorder potmr. 

The model was also designed with a variable lead time 
option to allow exclusion from high priority requisitions 
those items which, under routine ordering priorities, would 
possess acceptable lead times. 

The decision to place an item in stock or order with IPG 
I was made by comparing surcharge and total annual variable 
costs. The minimum cost determined by this comparison was 
added to a running total maintained for each category on the 
spreadsheet. 

As in the MN3372 paper, flat rates and percentages 
were incorporated into the order costs and unit prices, 
respectively, when surcharges were applied. The program 
facilitated sensitivity analyses for a wide variety of 
percentages and flat rate surcharges, both independently and 
mm combimat vens’. 

Percentage surcharges alone were extremely effective for 
higher valued items; these items rapidly shifted to being 
stocked in inventory as the rates climbed (Figures 7, 8). 
Combinations of flat rate and percentage surcharges were 


addressed in Figure 9. Figure 9 appears to be very similar to 
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Figure 8, but actual costs are slightly higher with the 
Beameton OL a flat rate of eight dollars per requisition. 
Figure 7 disclosed some interesting traits. To simulate 
materials carried in Oakland’s inventory, several items in 
the fictional data base were created with a response time 
under routine ordering priorities of five days. In other 
words, using normal priorities the customer would have 
material within five days of submitting a routine requisition. 
Therefore, i1f the customer was willing to accept a lead time 
of five days, these items would be neither ordered using IPG 
He nor stocked in customer inventories. Instead, these 
items would continue to be ordered as needed using routine 
priorities. In Figure 7 the customer is willing to wait five 
days and, as a result, the total cost to order line does not 
decrease to zero with the increased application of percent 
surcharges. In Figure 8, PhemeUcrener ic Clive me imag CoO 
accept a lead time of four days and, therefore, all items 
are subject to percent surcharges. Under these circumstances, 
the total cost to order line decreases to zero as these 


surcharges are increased and all items are eventually stocked. 


As percent surcharges were applied the total cost to stock 
rose as the number of items brought into inventory increased 
in steady increments. Between six and nine percent cost to 
order continued to rise while cost to stock remained level. 


A possible explanation for this phenomenon is that although 
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Figure 7. Percent surcharge only, Lead Time = 5 days, Order 
Cost-<=9S20, Holding Ceost®#habce = 122 
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Figure 8. Percent surcharge only, Lead Time = 4 days, Order 
Se cee-wo7 0, Molding Cost Rate = 23% 
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Figure 9. Percent and Flat Rate Surcharge, Lead Time = 4 
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this percentage range increased the cost to order, it did not 
increase this cost enough to force additional items into 
meeere eas a result, the cost te»steek did not increase. By 
the time the percent surcharges had risen to twelve percent, 
only very low valued items, and items meeting the response 
time requirement of five days without using IPG I, continued 
to be ordered. 

In Figures 8 and 9, the lead time requirement was reduced 


to four days. No items in the data base created met this four 


day threshold and, acmea res lis, all were subject to the 
order using IPG I versus stock in inventory decision. As 
shown in Figure 8, the cost to stock rose steeply between 


three and six percent as most items were brought into 
inventory. From six through twelve percent the cost to stock 
rose gradually as the remaining items migrated into customer 
SeOcks . Another noteworthy event between two and twelve 
percents is the sharp peak in total costs as surcharges are 
paid for items that continue to be ordered while cost to stock 
rise as more items are brought into customer inventories. 
After twelve percent all items, regardless of cost, were 
stocked and none were ordered. As a result, the total cost 
to order line decreased to zero and both the total cost and 
cost to stock stabilized at approximately half a million 
golilars. 

Although not shown, flat rate surcharges were initially 


Significant for low dollar value items even at relatively 


313) 


modest values. However, after this initial impact and the 
migration of low unit price items into stock, even extremely 
large flat rates surcharges (levels of up to five hundred 
dollars per transaction were tested) appeared to be 
ineffective. 

The MN4310 research provided the first quantitative 
evidence of the intuitive hypothesis that a combination of 
flat rate and percentage surcharges was the most effective 
method of reducing total IPG I requisitions (Figure 9). As in 
the MN3372 paper, the effects of the percentage surcharge 


quickly dominated flat rates. 


B. THESIS MODEL DESCRIPTION 
1. Model Requirements 
To fulfill CDR Corbett’s proposal requirements, 
actual IPG I requisitioning data from several types of 
activities and more sophisticated modelling techniques were 
essential. Although the MN3372 and MN4310 projects were 
useful for understanding surcharge effects, both models were 
rather simplistic because of their small fictional data bases. 
The model requirements for this thesis have evolved 
considerably since the idea was originally conceived in 
December of 1991. At that time, leading IPG I customers were 
to be classified by type of activity. A model duplicating the 
inventory management system used by each activity type was to 


have been created to test surcharge effects using actual 
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requisition histories as data bases. Analysis of Oakland’s 
customer base during the MN4310 paper revealed some problems 
moth this approach. 

Aeroescribea™eariiter™ Oakland’s™most prolific IPG I 
Sustomers are industrial activities. Industrial activities 
plan job-unique material orders using Material Requirements 
Planning (MRP), Mise —in— fame (gr) or similar management 
systems instead of an EOQ-based system. Considerable thought 
was given to duplicating these procedures as the basis for 
analyzing surcharges effects on these activities. Ultimately 
this idea was rejected for the following reasons. abies oe 
these systems were designed to minimize on-hand inventories 
and reduce associated warehousing costs by ordering materials 
to arrive just prior to use. MRP and JIT-type systems might 
respond to surcharge-increased IPG I requisitioning costs by 
Pe-auetmloq their stockout risk through establishing inventories 
or by changing priority class. This latter alternative would 
mean they would have to plan for longer lead times. Due to 
their major customers’ pressure for reducing repair turn- 
around times, extending lead times might not be feasible for 
mMeny industwial activities. 


Second, MRP and JIT systems do not manage items based 


on total activity requirements such as annual demand. As 
noted above, materials are ordered according to the 
requirements of individual jobs. Therefore, a JIT- or MRP- 


5.7 


based model to test the surcharge effects would show only cost 
increases for the customer. 

Fac say = the extracts each depot provided of their 
demand histories were keyed on document and stock numbers. 
JIT-and MRP-based models would have to be based on job 
requirements for materials. The depot data bases, however, 
did not contain the information required to sort by individual 
job because job order numbers (JONs) were not available from 
the depots for the individual activities. 

Stochastic models were considered because demand is 
really a random variable. However, the accurate lead time 
data was not available. Although it was possible to 
determine the date a requirement was placed using the Julian 
date contained in the requisition number, the date the 
customer actually received the material could only be obtained 
by a review of each customer’s receipt records. That would 
require substantially more time than was available for this 
thesis effort. 

An additional goal was to develop a generic model 
useful to integrate both retail and wholesale activities. To 
recreate various decision processes by retail activity type 
would have resulted in a complex model. A less complex model 
1s expected to have greater appeal to a wider scope of users 
than a more sophisticated, but daififiacult to understeer 


procedure. 
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When all factors were considered, the best modeling 
alternative appeared to be a slightly more sophisticated 
version of the decision making process developed for the 
MN4310 paper. The thesis model would, therefore, be based 
on the EOQ model (Tersine ‘88) and its deterministic Total 
Variable Costs (TVC) when stockage occurs and the costs under 
the surcharge policy when items are ordered one-for-one under 
SeeePG f£ priority. A simple model founded on the model 
described above should adequately test proposed DLA surcharge 
effects on retail customers. In successfully accomplishing 
these tests, the model would fulfill this thesis’ primary 
goal. The simple model is sufficient because only one year’s 
worth of demand was known for both Oakland and San Diego. In 
addition, the requisition history provided by Sharpe covered 
less than eight months and had to be extrapolated (linearly) 
to estimate annual demand. 

2. Model Description 

The EOQ equation requires data for four parameters 
(equation 3). Annual demand is the total quantity of an item 
demanded by an activity. Order cost is the cost to the 
ordering activity of submitting a requisition to the supply 
system. This order cost includes salaries and requisition 
processing costs incurred by the ordering office. Unit price 
of the item is the price charged to the customer by the supply 


system for the item. Unit price does not include proposed IPG 


a9 


I surcharges but does include all other charges levied by DLA 
that are included in the unit price, regardless of 
requisitioning priority. Annual holding costs are calculated 
as a decimal fraction of the item’s price (the Navy uses 0.23 
for a consumable item and 0.21 for a repairable item). 
Holding costs include warehousing expenditures, obsolescence, 
pilferage, and other losses associated with maintaining a 
stock of an item in an activity’s warehouse. The EOOQ model’s 
average annual Total Variable Costs (TVC,) formula 1s given 


by equation 4 (Tersine ‘’88). 


(D) 
neon ae 
PP 
TVC.=V2RCPF ; (4) 
where 
FOO = EBconomic Order Ouanetby seme Unease 


TVC, = TOtaleVariasle Cece seom mee 


R = Annual Demand in Units; 

G = Ordering "GOs cer Orca: 

P = Unit Price of the Item; and 

F = Annual Holding Cost as a Decimal Fraction Gimmes 


When an item is not stocked but is ordered instead as 
needed under IPG I, the average annual total variable costs 
(TVC,) formula 1s given by equation 5. 


where 
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TVC,=RS,P+N(C+S,) ; (5) 


ieee eeal, Variable Cost to Continue IPG I ordering; 
R = Annual Demand in Units; 
Sp = Percentage IPG I Surcharge (given as a decimal 


maa Cemon)mper Unit; 


P = Unit Price: 
N = Number of IPG I Requisitions submitted; 
. = Ordering Cost per requisition; and 


Sy. = Flat Rate Surcharge per IPG I order. 

3. Model Parameters Values 

The data provided by each depot was segregated by Unit 
iieMeliication Code (UIC) ,...and within each UIC by National 
Stock Number (NSN). The individual requisition quantities for 
identical NSNs were then totalled to provide actual IPG I 
annual demand quantities for each item. An See¢data ona] 
calculation determined the number of times the same NSN 
appeared in different requisitions. This total was used to 
determine the total number of requisitions, N, submitted 
ammually by the UIC for the item. The data also included unit 
prices, P, for most items. 

Through Cognizance Symbols (Cogs) and Federal Supply 
Groups (FSG), a means was provided to determine applicable 
service peculiar holding cost rates for each item, F. As 
mentioned earlier, there are two Navy holding cost rates, 


0.21 for repairables, and 0.23 for consumable items 
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(repairables are less likely to be pilfered or lost than 
consumable items) (GAO/NSIAD Report #92-112). The repairable 
holding cost rate was assigned to Cogs described in Table V. 
The 0.23 rate was used for all other Cogs. 


Table V. Repairable Item Cogs. 
nn 88 


CoG Description 

2F Major Shipboard Electronic Equipment 

oe Ships Parts Control Center managed Fleet Level 
Repairables (FLR) 

AZ Airborne Armament Equipment 

6K End Items of Photographic Equipment 

7E Depot Level Repairable Ordnance Equipment Repair 
Parts and Air Missile Parts 

7G Depot Level Repairable Electronic Equipment 

7H Depot Level Repairable Shipboard and Base 
Equipment, Assemblies, Components and Repair 
Parts 

7R Depot Level Repairable Aviation Material 

TZ, General Purpose Electronic Test Equipment 

8A Inert Nuclear Weapons Material 


Sharpe’s data was not associated with Cogs. Fortunately, 
the first two digits of an item’s NSN are its Federal Supply 
Group (FSG). FSG categories can be associated with Army 
holding cost rates. For example, aircraft components and 
accessories are FSG 16 and were assigned the holding cost rate 
of 0.14 for the Army Aviation Systems Command. These rates and 
categories are shown in Tables VI and VII. 

Order costs could be set at any desired level but, for 
this thesis, were fixed at twenty dollars for each UIC. 
Based on the authors’ personal experience, twenty dollars was 


chosen as the value for C in the TVC formulas to reflect the 
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Table VI. Sharpe Inventory Control Points, He kdange sos't 
Rates (F), and Associated FSGs. 





imucnory Control Point F FSGs 

Army Commands: 
Tank-Automotive Oiuads3 OD Sea Gio Oe 
Aviation Systems Cg dec Li Sia lye) 
Armament, Munitions-Chemical 0.16 I Sys! 

DLA Supply Centers: 
mmacust Gaal Oia 8 ila Foie. 3 
Electronics 0.19 aye ale ak 

Average of all HCRs Oey other FSGs 


Table VII. Sharpe FSG Descriptions 


ESG Title 

10 Weapons 

15 Aircratt & Alrframe Structural Components 

16 Aircraft Components & Accessories 

a5 Vehicular Equipment Components 

26 Tires & Tubes 

28 Engines, Turbines and Components 

29 Engine Accessories 

30 Mechanical Power Transmission Equipment 

cml Bearings 

47 Pipe, Tubing, Hose, & Fittings 

48 Valves 

50 Hardware & Abrasives 

58 Communication, Detection, & Coherent 
Radiation Equipment 

59 Electrical & Electronic Equipment Components 

al Electric Wire & Power Distribution Equipment 


———————————————————————————————————EEEEEEEEEEeEEEEeEeEEeEeeeeeeeeeEee——EEEEEEoo—————Eae | 
relatively low administrative expenses for retail activities 
to submit IPG I requisitions to the Navy and DLA supply 
systems. Unlike wholesale activities, retail units very 
rarely issue contracts to attain these materials. Instead, 
they submit their requisitions to the supply system 
electronically via the Defense Automated Address System 


ieee eens a result, retail order costs are much lower than 


wholesale order costs which can range from $116 to $3880 
depending on the size of the purchase and the inventory 
control point (GAO/NSIAD Report #92-112). 

Finally, percentage, Sp, and flat rate, S;, sumpenargeseca. 
added. Obviously, these charges can be set at any desired 
values. Both changes can be set to zero to represent the case 
of having no IPG I surcharges, or individually set to zero 
while allowing the other to vary to test the effects of a 
particular surcharge type. For example, to test an FG 
surcharge of five percent with no flat rate, the flat rate 
would be set to zero. 

These IPG I surcharges were used only in calculating the 
average annual Total Variable Cost to Order (TVC,) using IPG 
I when no inventories are maintained. 

The TVC, (equation 5) was calculated by multiplying 
the unit price of an item by the decimal fraction associated 
with the percentage surcharge levied to obtain a surcharge 


amount per unit, § This surcharge per unit total was next 


ars 
multiplied by the annual demand for the NSN. The flat rate 
surcharge, S,;, was then multiplied by the number of times the 
item was requisitioned per year. The annual percentage and 
flat rate surcharge costs were then added to provide the total 


average annual costs to continue to order paying the IPG I 


Surcharges. 
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4. Tradeoff Analysis 

TVC, and TvVC, values for each activity’s NSN were 
compared to determine the most cost-effective choice. If TVC, 
was less than TVC,, maintaining stocks of the item was chosen 
as the optimal alternative and TVC, was added to the 
M@meytey Ss Cost to stock total for other NSNs. If, however, 
TvC, was less than TVC,, continuing to order the item as 
required using IPG I without maintaining stocks was selected 
as the optimal choice and TVC, 1s added to the cost to order 
total for other NSNs. When the two TVCs were equal, TVC, was 
chosen as being the least cost alternative for the retail 
aG@ervity. This decision was made based on the perceived 
@eerre Of most retail activities that they want to minimize 
their inventories due to space constraints and the desire to 


mibnamaze overhead costs. 
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V. DATA ANALYSIS 


A. DESCRIPTION OF ELEMENTS 

This chapter describes methods used to examine each supply 
depot’s data base. First, A-B-C charts comparing each 
depot’s top IPG I order generating UICs to the cumulative 
total number of requisitions submitted are discussed. Second, 
wire diagrams (three-dimension graphs) delineating the effects 
of IPG I surcharges are considered. These wire diagrams were 
created using iterations of the thesis model described in the 
previous chapter. Both A-B-C charts and wire dlagrams are 
also analyzed with an emphasis on similarities and differences 
between Oakland, San Diego, and Sharpe. 

Wire diagrams and interval tables detailing the number of 
requisitions submitted per NSN were also prepared for NADEPs 
Alameda and North Island, and the NSYs at Mare Island and 
Long Beach. These activities are the top two customers for 
Oakland (Alameda and Mare Island) and San Diego (North Island 
and Long Beach) and provide the opportunity to examine the 
effects of IPG I surcharges on similar types of customers yee-= 
these two DLA depots. Finally, interesting points discovered 
during this research process are described with illustwoaem 


examples. 
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B. A-B-C ANALYSIS 

All data processing was performed on NPS’s Amdahl Model 
5995 mainframe computer system using SAS software. Prior to 
its use in analyses, each tape was audited and SAS programs 
were used to write data sets which were stored in the 
mainframe to minimize analysis run times. In the process, 
peauisiti1on records which were either duplicated, incomplete, 
or outside the year, between June 1991 and May 1992, were 
ignored. As requested to minimize processing time, both 
Oakland and San Diego provided separate tapes with IPG I 
requisition histories only. Sharpe was unable to sort their 
MRO history tapes by IPG so their tapes included all 
requisitioning priorities. These tapes were sorted on the NPS 
mainframe and an IPG I-only database was created. 

A cursory initial review was performed on each valid data 
base as it was created. For Oakland and San Diego this 
evaluation was conducted using Cogs. Because Sharpe’s data 
base did not contain Cogs, the FSG was used as a substitute. 
Cogs and FSGs appearing most frequently were matched with 
applicable holding cost rates for use in the surcharge model. 

Fach supply depot’s data was also sorted to identify 
which UICsS were submitting the most IPG I requisitions. Top 
IPG I requisitioners were then determined using Pareto’s 20-80 
Rule of the significant few and trivial many. This analysis 
revealed that the top seventy-five (Oakland and San Diego) or 


one hundred (Sharpe) customers constituted approximately sixty 
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percent of all three depots’ IPG I requisitions received. 
Beyond these top UICs, the percentage of IPG I requisitions 
received from each activity decreased dramatically. Top UICs 
for each supply depot were matched with their official titles, 
listed in descending order of requisitioning frequency, and 
are included in Appendices A, B, and C. 

These UIC lists also contained all information required to 


create A-B-C curves to compare each supply depot. Figures 11, 


de, and 13 show these curves. San Diego’s curve has the 
steepest initial slope of the three (Figure 11), Oakland’s 
was second (Figure 12), and Sharpe’s was third (Figure 13). 


This 1S a consequence of San Diego having the heaviest 
concentration of local aviation and industrial units of the 
three (see the top 10 in Tables VIII, IX, and X). 

Although Oakland’s final IPG I data base was the largest 
of the three with over 43,000 requisitions distributed among 
the top seventy five UICs, review of Oakland’s UICs indicates 
it was less steep than San Diego because of the fairly uniform 
distribution of aviatwon and industrial units throughout eae 
requisition frequency rankings. 

Sharpe’s data base was the smallest of the three supply 
activities studied. Because the number of requisitions 
submitted (from most to least prolific IPG I customer) tended 
to be more uniform and small, inclusion of one hundred UICs 
was required in order to achieve a data base with at least 


Sixty percent of the total IPG I orders received by the depot 
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Peagure LO. ABC Chart of San Diego”’s Top"75 Activities "(Total 
Requisitions were 38,415). 
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Figure 11. ABC Chart of Oakland’s Top 75 Activities (Total 
Requisitions were 43,009). 
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Figure 12. ABC Chart of Sharpe’s Top 100 Activities (Total 
Requisitions were 31,551). 
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Table VIII. Top & Bottom 10 Activities of the San Diego Top 


Whom vein ale See 


Top Ten Units Bottom Ten Units 
1) NADEP North Island 66) USS NIMITZ (CVN-68) 
2) Long Beach NSY 67) Subase, Pearl Harbor 
3) NAS Miramar 68) USS PRINCETON (CG-59) 
4) NAS North Island 69) MCAF Quantico 
5) PMTC Point Mugu 70) SRF Guam 
6) NAS Lemoore 71) USS ELLICT(DD—-967. 
7) MALS 24 72) USS BUNKER HILL (CG +s28 
8) USS AMERICA (CV-66) 73) SIMA Notioik 
9) NAS NetErolk 74) NAS Mayport 
10) USS INDEPENDENCE (CV—-62) 975 JeNo«e role iow 


Note: Complete names may be found in Appendix c 


Table IX. Top & Bottom 10 Activities of the Oakland Top 75 


AGMhaatE es. 
eee lle ae ne ee a el 


Hop. ten) Unies BOt tom 0 2Uime ts 
1) NADEP Alameda 66) USS MIDWAY (CV-41) 
2) Mare Island NSY 67) USS NIMITZ (CVN-68) 
Be NAS Membre et aeae ic 68) USS DIXON (AS-37) 
4) Pearl Harbor NSY 69) NAF Atsugl 
5) NAS Barbers Point 70) USS SARATOGA (CV-60) 
6) SRF Yokosuka 71) MALS 14 
7) SIMA Pearl Harbor 72) NAS Willow Grove 
8) NAPRAP Atsugl 73) Army Troop Aviation 
9) NAS North Island Systems Command 
10) Puget Sound NSY 74) MALS 16 (Rear) 


75) USSmOKINAWA (dePHiee@e) 


Note: Complete names may be found in Appendix B 
SSS 88 SSS em 


during the nine-month period of the data. 

Sharpe’s customers are also very different from either 
Oakland’s or San Diego’s. Although the number one IPG I 
ordering activity is the Marine Corps Logistic Depot at 
Barstow, the top customers are dominated by Army installation 


property and maintenance activities, which more often than not 


Ea 


ere Civilaanerun operations» These organizations are 
responsible for property accountability and maintenance 
EmpPorte OL Army activities; “they are similar to Naval Station 
public works departments and are not active combat units. 
With the exception of some Air Force, a few more Marine, and 
one Navy activity, this pattern remains consistent through 
the rest of the units included in the Sharpe data base. It is 
interesting to note, however, that the majority of operational 
Army combat service support (CSS) units, both active and 
reserve, are in the lower half of the list. Indeed, five of 
the bottom ten listed in Table X are such units, in stark 
GOntrast to the top ten units listed in which only one 
appears. 

Based on the Army author’s experience, a possible 
explanation is that most Army CSS units (which order the bulk 
of requisitions in support of combat forces) are normally 
assigned lower Authorized Levels of Operation (ALO) than their 
respective combat counterparts. Slguaigs?- Mm pareuewlar, is 
almost always true for CONUS-based units. Samice ‘this 
operational reality often means assignment of a lower priority 
FAD (which is identified by a higher number; for example, 
FAD IV has a lower priority than FAD I) and significantly 
reduced ordering budgets, (especially for Class IX supplies, 
namely, repair parts), many of these units tend to forecast 
future customer demand and unit needs well ahead of time and 


can then order supplies and repair parts using a low priority. 


ci. 


Table X. Top & Bottom 10 Activities of the Sharpe Top 100 
Activities. 


Tepe Ten wines Bottom Ten Units 
1) MCLD, Barstow 91) CMD Et Mega, 
2) 177th Armor Brigade 92) Combat Equip Grp SWA, 
Fort Irwin Doha 
3) “Aumy Pue@eop- Av 1ation 93) 177th SPT BN, * 
Systems Command Ft Irwin 
4) CPA Toole AFB (Army) 94) 782nd Maint BN, * 
5 be ISA rite eae tear Ft Bragg 
Ft Huachuca 05) T4 Eas C Biba Cons 
6) FORSCOM Mnt, Ft Lewis Moenchengladbach 
7) USA Petroleum Ctr, 96) 1113th Trans. cer: 
New Cumberland Sacramento 
o) 6th SuppereecenEem. 97) FOMs News 
Taegu Pineville 
9) CPO, Sacramento 98) Acft Maint Cont 
10) GEN SPC SEC Maint Ft Rucker 
Div, Ft Carson 99) 99th SPT BN, * 
Ft Lewis 
LOO) AGee Maint Cont 3 
Ft Rucker 


* = Combat Service Support Unie (eoq) 


Note: Complete names may be found in Appendix D 


This practice serves a twofold purpose. First, 1t replenishes 
the CSS units’ Authorized Stockage Lists (ASL) for servicing 
their own customers. Second, it also satisfies their 
internal unit needs by replenishing their Prescribed Load 
Lists (PLL) in addition to accumulating an unauthorized but 
functional "bench stock". Ultimately, they can only use IPG 


I upon written approval of the unit commander. 
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c. IPG I SURCHARGE WIRE DIAGRAMS 

1. Data Analysis 

The depot model was configured to produce one four-column 
table as an output file for each of the three supply depots 
(Oakland, San Diego, and Sharpe), NADEPs Alameda and North 
Island, and Mare Island and Long Beach NSYs (Appendix D). 
The first column consisted of flat rate surcharges applied per 
IPG I order in ten-dollar increments from zero to one hundred 
dollars. The second column contained a percentage surcharge 
applied to each IPG I item’s unit price. These percentages 
were increased from zero to ten percent in one percent 
increments. The table considers all possible combinations of 
these surcharges to produce a total of one Nundred twenty-one 
surcharge combinations. The third column consists of the 
difference, Gm delta, between the Total Variable Cost to 
Srder {(TVC,), and the Total Varvable Cost to Stock (TVC,); 
ect 1s, delta = (TVC,@ TVC,). Tie botigen Comumn Contains 
the difference (NSN, - NSN,) between the total number of NSNs 
ordered using IPG I, (NSN,), and the total number of NSNs 
brought into customers’ inventories, (NSN.) , for each 
combination of fixed and percentage surcharges. 

For each depot, this table was used to produce two three- 
dimensional "wire plot" graphs with flat rate and percentage 
surcharge values on the y and xX axes, respectively. The z 


axis on the first graph is the difference between the number 


ies. 


of NSNs ordered using IPG I and NSNs brought into customer 
inventories. That graph views the plotted data from the 
corner having the largest values for the x and y axis. The 
Origin Dome aaddens 

The graphs for all of the depots reveal that the NSN delta 
1S most positive or least negative at the origin when no IPG 
I surcharges are applied. San Diego’s peak NSN delta at the 


origin is double that of Oakland (9316 to 4385) (Figures 13 and 


14). The wire plot for Sharpe is the only one that reveals a 
negative NSN delta through its entire range, includang eae 
peak (-4145). In other words, at all surcharge levels, more 


1tems migrate into stock than are ordered through the use of 
IPG I at Sharpe (Figure 15). This is because many Army 
Customers requisition supplies using lower priorities in order 
to replenish their ASLs, accumulate local benchstocks, and 
accommodate tighter operating budgets. 

By “Gomparisonp the peak values of NSN deltas for the 
NADEPs (Figures 16 and 17) are in the 200 - 300 range while 
NSYs (Figures 18 and 19) exhibit peak values under 50. A 
likely explanation for this difference is that there are more 
aircraft and Depot Level Repairable (DLR) overhauls scheduled 
at the NADEPs than ship overhauls scheduled at NSYs. This 
larger number of aviation and DLR component overhauls produces 
a great need for NADEPs to use IPG I to facilitate their rapid 
turnaround requirements. Tim CONt Geiie , at the NSYs the 


relatively low number of ships in overhaul at any given time 
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OAKLAND IPG1 SURCHARGE WIRE PLOT 
NSN A = IPG1 ORDER NSNS — STOCKED NSNS (PEAK = 4385) 








SAN DIEGO SURCHARGE WIRE PLOT 
NSN A = IPG1 ORDER NSNS — STOCKED NSNS (PEAK = 9316) | 





SHARPE IPG1 SURCHARGE WIRE PLOT 
NSN A = IPG1 ORDER NSNS - STOCKED NSNS (PEAK = —4145) 
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Figure 15. Sharpe Three-Dimensional NSN Graph 
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NADEP ALAMEDA IPG1 SURCHARGE WIRE PLOT 
NSN A = IPG1 ORDER NSNS — STOCKED NSNS (PEAK = 202) 
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NADEP NORTH ISLAND IPG1 SURCHARGE WIRE PLOT 
NSN A = IPGi ORDER NSNS — STOCKED NSNS (PEAK = 296) 
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Figure 17. NADEP North Island Three-Dimensional NSN Graph 
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MARE ISLAND NSY SURCHARGE WIRE PLOT 
NSN A = IPG1 ORDER NSNS — STOCKED NSNS (PEAK = 21) 





Figure 18. Mare Island NSY Three-Dimensional NSN Graph 
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LONG BEACH NSY IPG1 SURCHARGE WIRE PLOT 
NSN A = IPG1 ORDER NSNS — STOCKED NSNS (PEAK = 44) 





Figure 19. Long Beach NSY Three-Dimensional NSN Graph 
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allows more flexibility in forecasting material requirements. 

From their origin, all of the three-dimensional graphs of 
NSN deltas fall off steeply into negative NSN delta values as 
surcharges are levied. im adcateion, the effect of a flat 
rate surcharge alone 1s immediate and remains most pronounced 
until it reaches forty dollars on the average. After forty 
dollars, flat rate curves tend to begin to level off. This 
tralt can be explained by the relatively large amount of low- 
value/high-demand items that are brought into an activity’s 
inventory when modest flat rates are charged. As flat rate 
surcharges continue to climb, more costly and less demanded 
1tems are drawn into stock. However, these shifts occur at 
a declining rate as the holding costs for the more expensive, 
less demanded items tend to counterbalance the effects of the 
flat rate IPG I surcharge. 

Percent of unit price IPG I surcharges affect the order 
versus stock decision relatively evenly. In other words, on 
all NSN wire charts, the NSN delta tends to plot roughly 
linearly with percent surcharges levied, becoming 
increasingly negative as percentages are raised. This 
characteristic may be explained by frequently requisitioned, 
high-priced items migrating into stock as the surcharge 
percentage rapidly overshadows their costs for holding 
inventory. As the percentage imposed increases, the less 
frequently requisitioned, lower priced items slowly move into 


Stock. 


84 





Combinations of flat rate per order and percent of unit 
price IPG I surcharges revealed a variety of effects in 
shifting NSNs from being ordered to their being stocked. The 
most dramatic of these shifts occurred when flat rates of from 
zero to ten or twenty dollars were combined with percentage 
rates from zero to three to five percent. The wire charts 
then flattened as the fixed and percentage cost continued to 
increase. 

As flat rates were increased, the effects of percentage 
surcharges became less and less pronounced. When flat rates 
reached a level of seventy dollars, most NSNs were stocked 
regardless of percentage surcharges. This trait resulted from 
IPG I order costs becoming prohibitively expensive with the 
addition of the flat rate surcharges. The effects of all 
combinations of flat rates above thirty to forty dollars and 
percentages above four to five percent were marginal because 
most items had already migrated into stock. 

Finally, 1t 2ememportant "to note that when the percent 
and fixed surcharges had risen to ten percent and one hundred 
dollars, respectively, over ninety-five percent of all items 
in each data base examined had been transferred into stock. 
These surcharge values are the maximums shown in the wire 
mLOts . 

The second set of graphs present the cost delta on the z 
axis. This "delta" represents the difference (TVC, -TVC,) 


between IPG I order costs, Cy Gyweemaac thescost to stock, 
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(G7 Gee) . Again, these graphs are viewed from the corner 
Oppose Lome heme mmean. 

All cost graphs’ most positive points are associated with 
no flat rates, and very low percentage rates (only one, two, 
or three percent). Oakland’s, San Diego’s, and both NADEPs’ 
plots reveal definite ridges that peak at one to two, five to 
Six, and ten percent (Figures 20 through 23). These ridges 
are more pronounced with the supply depots’ larger data bases 
when no flat rates are applied. As the low and medium 
percentages are combined with progressively higher flat rates, 
these ridges tend to blend into the rest of the plot. For 
Oakland, San Diego, and the two NADEPs, the ridge at ten 
percent drops severely from no flat rate to one hundred 
dollars. Although with no flat rate the cost delta at ten 
percent is less than at nine percent, the reverse is true 
when a one hundred dollar flat rate is added to both. 

Both NSYs (Figures 24 and 25) exhibit mild peaks at one 
and five percent that tend to disappear as flat rate 
Surcharges are combined with these percentages. Both charts 
also share a fairly flat plateau at combinations of surcharges 
greater than four or five percent and flat rates above twenty 
doimtatts* 

Sharpe’s plot (Figure 26) also contains a ridge, but at 
six percent and no flat rate. This ridge is less pronounced, 
but still noticeable, as flat rates are applied. Otherwise, 


the graph slopes gradually to its most negative value at one 
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OAKLAND IPG1 SURCHARGE WIRE PLOT 
COsies — |PCi ORDER wees — COs! 10 STOCK 


COST A (DOLLARS x 1,000,000) 





Figure 20. Oakland Three-Dimensional Cost Graph 
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SAN DIEGO SURCHARGE WIRE PLOT 
COSTA = IPGISORDER COST =SCOSiMiGesiee; 


COST A (DOLLARS x 1,000,000) 





Figure 21. San Diego Three-Dimensional Cost Graph 
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NADEP ALAMEDA IPG1 SURCHARGE WIRE PLOT 
Cosas = IFC) ORVERe@@sye— COS TO SIOCK 


COST A (DOLLARS x 100,000) 
Ne 





Figure 22. NADEP Alameda Three-Dimensional Cost Graph 
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NADEP NORTH ISLAND IPG1 SURCHARGE WIRE PLOT 
COST A = IPG) ORDER COSi = COSi0 SiGe 


COST A (DOLLARS x 1,000) 





Figure 23. NADEP North Island Three-Dimensional Cost Graph 


20 


MARE ISLAND NSY SURCHARGE WIRE PLOT 
COST A = {PG1 ORDER COST — COST TO STOCK 





LONG BEACH NSY IPG1 SURCHARGE WIRE PLOT 
COST A = IPGI@ORDER COSI =e OSie 1 0 Ser 


COST A (DOLLARS x 1,000) 





Figure 25. Long Beach NSY Three-Dimensional Cost Graph 
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SHARPE IPG1 SURCHARGE WIRE PLOT 
GOS) A = IPG) ORDER COSi — COST TO STOCK 





hundred dollars and ten percent. In fact, at a surcharge of 
ten percent there is very little change when higher flat rate 
surcharges are applied as nearly all items are stocked. 

The behavior of these cost deltas is peculiar. The 
authors had anticipated relatively smooth wire plots similar 
to the NSN graphs previously discussed. Possible explanations 
for the interesting behaviors of these wire plots may include 
the interplay of holding cost rates and order costs with IPG 
I surcharges and the data. Another potential explanation may 
lie in the differences between the deterministic model used in 
this thesis and stochastic modelling. Stochastic models, an 
example of which will be discussed in the next chapter, tend 
to have a smoothing effect on this type of plot’s behavior. 
Study of these phenomena was not possible with the data 
available. In addition, research of such depth was beyond 


the scope of this thesis. 


D. REQUISITIONS PER NSN INTERVAL TABLES AND POINTS OF 

INTEREST 

After the top IPG I customers had been identified for each 
depot, programs were written to provide detailed information 
by NSN for NADEPs Alameda and North Island, and Mare Island 
and Long Beach NSYs. The output produced by these programs 
was then analyzed to determine the number of requisitions per 
NSN, and an indication of the types and quantities of 


materials being ordered (Appendix E). 
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The program was designed to produce an NSN list sorted by 
number of requisitions submitted, in descending frequency, 
for each NSN ordered, by each activity, during the year 
under study. The output listings produced by these programs 
were reviewed by the authors. Individual NSNs were grouped 
into subsets by number of requisitions submitted per year. 
The span of these subsets were ten-requisition intervals. 
These intervals were designed to reveal if activities tended 
to order the same NSNs, using IPG I, repetitively throughout 
the year. Interval tables of these subsets and requisition 
frequencies were then produced for each activity (Tables XI 
wemougi XIV) . 


Table XI. NADEP Alameda Requisitions Per NSN Interval. 
eS eee ee 


# Of Requisitions per NSN # of Occurrences 
70+ 4 (max value = 140) 
60 - 69 5 
50 - 59 ale) 

40 - 49 le 
30 - 39 ai. 
20 - 29 a) 
10 - 19 BytalB 
5 - 9 913 
4 - 2 27 610 
i 3,498 
LoOtal Fogel oye 


As shown in Table XI, NADEP Alameda had the highest number 
Gimee-CUrringmseGumsations of the foumsactivities reviewed. In 
addition, the authors’ review of Alameda’s NSN output 


listings disclosed that the quantity of items ordered per 


35 


Table XII. NADEP N. Island Requisitions Per NSN Interval. 
rr ee ee SS es ee ss, D 


# of Requisitions per NSN # of Occurrences 
30+ 1 (max value = 30) 
20 - 29 8 
10 - 19 43 
5 - 9 ray 
4 - 2 841 
i Br Osis: 
Total 4,098 


Table XIII. Mare Island NSY Requisitions Per NSN Interval. 
ee a a a eee eee | 


# of Requisitions per NSN # of Occurrences 
30+ 0 
20 - 29 1 (max value = 22) 
10 - 19 ik 
5 - 9 1S 
{ee AS 
1 lipo 


mhe@teaak dbp scdech 


Table XIV. Long Beach NSY Requisitions Per NSN Interval. 
a RB eR me a meer, 





# of Requisitions per NSN # of Occurrences 

30+ 0 

20 - 29 0 

10 - 19 3 (max value = 10) 

5 - 9 55 

4 - 2 S03 

1 a } 
LO tal. Ze 0 


requisition appeared to be fairly low for these NSNs, rarely 


parts, packing and gasket materials. There were, however, 


a few clear instances of ordering for bench stock. For 


exceeding three per order. Most of these NSNs were for engine f 
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example, 8,035 units were ordered on 23 separate requisitions 
for one NSN, priced at forty-three cents each. 

NADEP North Island (Table XII) exhibited basically the 
same trends as Alameda, but with less highly repetitive 
requisitioning of a few NSNs. Like Alameda, North Island 
tended to order aircraft materials in fairly low quantities 
and also had a few obvious cases of ordering bench stock using 
PS In 

The number of IPG I requisitions submitted during the 
period studied by each NSY was approximately half the total 
submitted by NADEP North Island, and less than one-third of 
the total submitted by Alameda. As a result, the number of 
repeat requisitions for a given NSN was fairly low. Both 
shipyards tended to order generic industrial materials (pipe, 
welding supplies and fittings) vice specific repair parts. 
This ordering pattern makes it more difficult to determine 
whether or not bench stocks are being ordered as these types 
of materials may be ordered by the foot vice by the piece. 
However, there appeared to be instances of bench stock 
replenishment as both shipyards issued repetitive requisitions 
for fairly large quantities of items such as circuit breakers. 
Interestingly, four of the top five IPG I requisitions 
ordered by Long Beach NSY were for compressed or liquified 
gases. Gases are usually procured from commercial sources and 


these IPG I requisitions seem to indicate a lack of discipline 


oi) 


in management of Class III supplies (Class III includes 
petroleum, oil, lubricants and gases). 

When all four activities are grouped, the following trend 
appears to be consistent. There were IPG I requisitions for 
high-demand/low-cost items which seems to indicate these 
requisitions were meant to replenish PEBs. The need to 
replenish these PEBs using IPG I seems to indicate inadequate 
inventory control procedures. PEB’s normally use the standard 
stochastic model with service levels and have two bins so that 
when the first bin 1s empty an order will placed. The second 


bin 1s the reorder point inventory. 
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VI. THEORETICAL IPG I SURCHARGE EFFECTS MODEL 


A. REQUIREMENTS DEFINITION 

The deterministic model developed for this thesis exploits 
the data provided by the three supply depots in the fullest 
manner possible. In addition, it provides a working baseline 
from which to explore the implications of imposing an IPG I 
surcharge. Bue due to the limitations of the data, the 
role of customer reorder point calculations could not be 
addressed. Missing were accurate measures of customer lead 
time and lead time demand. This lead time spans the time 
interval from initial requirement definition through material 
receipt by the requisitioner. in ad@@tion, a customer 
backorder cost was not available and would be extremely 
difficult to accurately estimate. However, since IPG Iasa 
requisition class is used to make the lead time as short as 
possible, the shortage cost implied is high. 

Lead time iS a critical parameter in reorder point 
Calculations. An incorrect reorder point value can result in 
either late arriving orders and therefore stockouts, or early 
arriving orders creating excess stocks and perhaps 
inefficiently large inventories. The reorder point is a level 
to which inventory Micke tale towanmworder tostrigger a 


restocking, nmequasition. wsKnowledge of lead time is necessary 


On 


to ensure an order is received when desired, hopefully just 
as stocks reach zero. Quantity demanded during the lead time 
1s also critical in reorder point calculations. Even if lead 
time is known precisely, the quantity demanded during lead 
time typically varies according to some _ probability 
Gist riSuewone 

In the deterministic EOQ model, described in Chapter III, 
both lead time and quantity demanded during lead time are 
assumed to be known and constant. Therefore, the implicit 
assumption is that the decision maker will always correctly 
calculate the reorder point so that replenishment requisitions 
will be received exactly when required. In reality, born 
quantity demanded during lead time, and lead time itself, 
can and do vary. Thus, amore precise model would allow lead 
time, and quantity demanded during lead time, to vary by 
relaxing the deterministic assumptions of knowledge and 
consistency. 

By studying the actual range, and frequency of occurrence 
of each value in the range, the distribution characteristics 
of both of these factors emerge. These characteristics form 
the basis for generating a joint probability distribution that 
reflects real world lead time and demand. Armed with this 
Joint distribution, *a decision makerecanwcalculatwera reorder 
point which incorporates the lead time and lead time demand 
probabilities. In particular, a decision maker can evaluate 


chances of stockout for a given reorder policy and develop 
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safety stock levels to reduce this possibility to acceptable 
levels. 

The level of safety stock carried is directly related to 
the cost to an activity of being unable to fill a requirement 
upon demand, in other words, the backorder cost. Lim@ehnat 
cost is known, inventory managers can use well-known models 
to find the optimal tradeoff between inventory holding costs 
and backorder costs. If backorder costs are low and stockouts 
can be tolerated, then the amount of safety stock carried 
will be low. If backorder costs are high, the amount of 
safety stock carried in inventory will also be high. 

Unfortunately, backorder costs are never really known, 
not even in the private sector. They are frequently based on 
vague measures such as a decline in unit readiness, lost 
DE@auetion of output or completion delays. Therefore, a 
quantitative backorder cost estimate often can only be implied 
by assuming a theoretical model and then reviewing an 
activity’s ordering policies. In other words, the level of 
safety stock which an activity is comfortable with provides an 
indication of whether their backorder costs are high or low. 

Since some sort of theoretical model is needed before the 
backorder cost can be implicitly determined, we propose the 
following model as a first step towards understanding how 


inventory operating policies and backorder costs are related. 


LOA 


B. VARIABLE LEAD TIME DEMAND SURCHARGE MODELLING 

The stochastic model which provides a simple structure for 
a stochastic IPG I surcharge model with variable lead time 
demand is the stochastic model where stockouts result in lost 
sales (Tersine ‘'88). This model would be appropriate if each 
unit demanded when there is no stock is ordered IPG I at a 
much faster rate than regular replenishment ordering. In 
other words, in the event of a stockout, one-for-one 
ordering would be done and therefore Q would be reduced by the 
total expected amount of such orders. Under these conditions, 
the optimal solution for how much to order, Q, and when to 
order, B (the reorder point), is an iterative procedure that 
begins with the initial value of 0 being determined using the 
deterministic EOQ formula described in Chapter IV. This 
deterministic formula is identical to equation 6 when E(M > B) 
1S set equal to zero. Equation 7 1S used to derive the 
expected lead time stockout, E(M > B), in the remainder of 


the iterative process. 


oe 2R[C+AE(M>B)] . (6) 
0 __ 


E(M>B) =)\  (M-B) p(M) ; (7) 


where 


QO, = Economic Order Quant hye ieUmitce 
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R = Average Annual Demand in Units; 

C = Ordering Cost per Order; 

A = Ste@@ekeomtmeost per Unit; 

E(M > B) = Expected Lead Time Stockout in Units; 
H = Holding Cost per Unit per Year; 


Max = Maximum Lead Time Demand in Units; 


M = Lead Time Demand in Units; 
B = Reorder Point in Units; and 
p(M) = Probability of Lead Time Demand of M Units. 


After the order quantity has been determined it is used in 
equation 8 to determine the optimal stockout probability 1f£ 


the stockout cost per lost sale 1s known (Tersine ‘88). 


P(M>B) el amg Lae 
AR+HQ 
where 
P(M > B) = Probability of a stockout just before the 


requisitioned order of Q units arrives; 
M = Lead Time Demand in Units (random variable) ; 


B = Reeweder Point’ in Units; 


H = Holding Cost per Unit per year; 

Q = Order Quantity (determined by Equation 6); 
A = Backorder (Stockout) Cost per Unit: and 

R = Average Annual Demand in Units. 


This stockout probability is then used with the lead time 


demand probability distribution to determine B. 


OS 


Reorder point determination begins by developing a table 
based on lead time demand (M), the corresponding probability 
of occurrence p(M), and the computed probability of stockout 
P(M > B). An example is shown in Table XV. 


Table XV. Example of a Probability of Stockout Table 





Lead Time Probability SECEKOUEME HObabwmeney, 
Demand _(M) p(M) P(M >_B) 
0 .1960 .8040 
1 ees iG, 5 728 
Z Salon) T3470 
2 las] wi lbsies 
4 so si lle) uole: 

5 nO Ag sOZsoull 

6 .0190 .0071 

7 .0053 eleven 

8 rg 0 alias .0003 

9 .0003 .0000 
TO wou 


TS SSS S000 8 SSNS SSS FE SQ SS SaaS SSS SEE 
The calculated optimal stockout probability (i.e., 
calculated from the right-hand side of Equation 8) is matched 
with the joint probability table to determine the reorder 
Demat For example, if the calculated optimal stockout 
probability from equation 8 is .0017, the reorder point (B) 
(from Table XV) would be set at eight units. Eight  UWralee 
would be selected because it is the lowest potential reorder 
point with a prebability @£ steckout that veeless than {aCe 
The reorder point is then used in calculating the expected 
lead time stockout in units (equation 7). This expected lead 
time stockout value is used in equation 6 to begin the second 


iteration of the process to determine an optimal QO and B. 
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However, equation 6 also needs a value for the backorder 
Best . 

IPG I surcharges may be incorporated into this process by 
using them as part of the backorder cost value. As noted 
above, the assumption is made that the only time IPG I orders 
will be submitted to the supply system will be when the 
meeivity 15 Out Of stock and forced to reorder one-for-one 
using high priorities (lower requisitioning priorities are 
expected for routine stock replenishment orders). 

Backorder costs for this model must be determined on a per 
unit basis. The addition of percent of unit price surcharges 
would be accomplished by multiplying the surcharge percentage 
G@m@ea Unit price and adding this product, Sey to other 
backorder costs to produce total backorder costs. The 
addition of a flat rate surcharge, S;, would be accomplished 
as in the thesis model of Chapter 5, by adding its value 
Girectly to the other backorder costs. Thus, the formula for 
the per unit backorder cost, a. when both surcharges are 


applied would be: 
BIS sani: eb) 


These backorder costs would be incorporated in the 
iterative process described throughout this section. Once an 
optimal Q and B have been determined by the process, the 
following equation may be used to determine annual total 


Variable costs to stock the items with surcharges: 


0D 


TVC== [C+AE(M>B) ] +H( S+ (BM) +E (M>B) ] (10) 


where 
R = Annual Demand in Units; 
Q = Order Quantity (as determined by Equation 6); 
C = Ordering Cost per Order; 
A = Stockoummeost oer Umit ; 
E(M > B) = Expected Lead Time Stockout in Units; 
H = Holding Cost per Unit per Year; 
B. :=wReerder (Porat). 1) Una saa! 
M = Average Leadtime Demand in Units. 

In summary, the model described in this chapter would be 
more realistic and allow greater precision than the 
deterministic EOQ model, where no backorders are allowed. 
Unfortunately, the difficulties inherent in obtaining 
probability distribution for lead time demand, for all items 
of ainterest suggest that this stochastic model may be 


impmactical. 
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VII. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 


A. SUMMARY 

The objective of this thesis was to examine the effects of 
a DLA IPG I requisitioning surcharge on ordering decisions and 
inventory management by retail activities. As discussed in 
Chapter I, this study required data to be gathered from three 
DDRW supply depots (Oakland, San Diego and Sharpe) for the 
period from 1 June 1991 to 30 May 1992 (Sharpe was only able 
to provide data from 1 January to 25 August 1992). 

Chapter II discussed DoD‘s official IPG I policies and 
requisition processing time standards. This chapter then 
addressed actual retail customer IPG I ordering practices. 
The remainder of the chapter was devoted to brief reviews of 
each supply depot’s history, and in-depth analysis of each of 
their IPG I customer bases. 

Alternatives to control IPG I requisitions were reviewed 
im Chapter LIL. The chapter began by reviewing customer 
reasons for using high priorities in requisitioning and the 
differences between industrial and operational unit uses of 
IPG I. Three alternatives to control IPG I requisitions 
included (1) aggressive DLA enforcement of UMMIPS ceilings on 
the percentage of total requisitions that may use IPG I; (2) 


awiOnas"Camdownerdagdeng S@eliewelBGe I orders shat do note cite 


OE 


required entries in various requisition data fields; and (3) 
introduce IPG I requisition surcharges. These surcharges 
could be restricted to certain types of customers, or imposed 
only after a ceiling amount of IPG 1 requisie#enme, On 
percentage of total requisitions submitted, 1s reached. 

Evolution of the model developed to study the impact of 
IPG I surcharges on customers was the subject of Chapter IV. 
Projects completed for two NPS logistics courses were reviewed 
in detail. These reviews were followed by a discussion of 
requirements for the thesis model. These requirements 
included development of a model sensitive to industrial 
activities’ needs. In addition, the model had to take into 
account the limitations of the data provided by the supply 
depots. These prerequisites dictated development of a model 
based on the deterministic EOQ model. The model, and 
parameter values. used, was described in depth. This 
description concluded by briefly examining the tradeoff 
decision between continuing to order an item using IPG I, or 
establishing stocking policies and bringing the item into 
inventory. 

Chapter V began with an A-B-C analysis of each supply 
depot’s top customers. This analysis revealed that the Navy’s 
Oakland and San Diego depots support predominantly Navy 
activities and the local industrial and aviation units were 
the major customers. As a consequence, the slope of the A-B- 


C curves were relatively steep. If stich industrial units saw 
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not clearly dominate the list of top customers, as is the 
case at Sharpe, the slope of the A-B-C curve is less steep. 
Three-dimensional "wire plot" graphs were then constructed 
based on the model described above to examine changes in items 
stocked as IPG I surcharges were imposed. fi algerst ee, three- 
dimensional graphs were plotted to study changes in number of 
items carried for various IPG I surcharge combinations. These 
plots were created for all three supply depots that provided 
Gera, and = both Oakland’s, and San Diego’s most prolific IPG 
I customers (two NADEPs and two NSYs). The NSN graphs 
disclosed that flat rate surcharges per IPG I order had a 
Significant impact at relatively low values (less than forty 
dollars). This impact diminished as this flat rate surcharge 
increased. Percentage surcharges, on the other hand, tended 
to have a relatively even impact on the order versus stock 
decision as they were increased. Combinations tended to cause 
most items to become stocked rapidly. Perer thas anattial 
surge, the effects of surcharge combinations diminished 
quickly as relatively few items were still being ordered. 
Next, three-dimensional graphs were plotted of the 
changes in costs as surcharges were applied. Unfortunately, 
these were difficult to interpret. All plots exhibited peaks 
and ridges that were not expected by the authors. Possible 
reasons for this behavior included holding cost rates used, 


and characteristics of the data. These peaks and ridges may 


IGS, 


also disappear with the use of more sophisticated stochastic 
modelling techniques. 

The final analysis technique used was the development of 
tables showing the numbers of IPG I requisitions submitted per 
NSN for the year studied for NADEPs Alameda and North Island, 
and Mare Island and Long Beach NSYs. These tables showed a 
large number of repeat IPG I requisitions for some NSNs, 
especially by the NADEPs. Further review of the data revealed 
that most of these orders appeared to be for quantities of 
three or less and were for repair parts. There were, 
however, some clear indications that Pre-Expended Bin (PEB) 
1tems were being restocked using IPG I requisitions. 

Chapter VI proposed a theoretical IPG I surcharge model 
which provides for realistic random lead time demand. The 
model suggested 1S a well-known lost sales model. The chapter 
began by emphasizing that the most important requirement for 
the model is data for determining the lead time demand 
dasrirmout lon The chapter then presents the model and its 
1terative solution process. Tt also shows how the "lost 


Sales" costs can be generated by the surcharges. 


B. CONCLUSIONS 

There are several conclusions that can be drawn from this 
thesis. First, DoD’s UMMIPS standards have been interpreted 
in a wide variety of ways by both wholesale activities and 


their retail customers. For example, our interviews indicate 
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that many believe UMMIPS IPG I time standards are requirements 
imposed upon the supply system. Actually, they are 
performance averages that supply activities are expected to 
meet. Therefore, some IPG I requisitions may be filled 
faster than UMMIPS standards, while others may take longer to 
be completed. In addition, industrial activities have been 
extremely liberal in their interpretations of both IPGs and 
FADs that they are allowed to use. DoD auditors have disputed 
this interpretation in the past (DoD Audit Report #88-118). 
In spite of this disagreement, industrial activities have 
continued to feel required to generate large volumes of IPG I 
requisitions to meet ambitious turnaround time requirements. 

In this environment IPG I surcharges make sense. Unlike 
the "cat and mouse" game currently being played by DLA through 
their automatic downgrading policy, surcharges allow the 
retail activity to decide whether IPG I responsiveness 1S 
worth the additional premium they must pay in surcharge costs. 
Depots would be less averse to handling these requisitions as 
they would be compensated by the surcharge for the costs they 
ier in prmOovViding LPG IT responsiveness. 

However, there is a significant downside to imposing 


Surcharges. First, an argument may be made that operational 


units should be excused from paying IPG I surcharges. ie 
these units were excused, the surcharge mechanism could 
rapidly become very complicated. For example, Navy 


operational units are identified by "R" or "V" service 


ey 


designators. These designators are also used by MALS and 
SIMAS, and may be used by NSYs to submit requisitions for 
ships they are overhauling. How would DLA determine whether 
a service designator is for a legitimate operating unit? 

In addition, what if a retail customer has decided to 
order using IPG I and accept the surcharge and they do not 
receive their requisition in a timely manner? The supply 
system 1s not required to meet UMMIPS time standards exactly, 
but rather on the average. As described by one industrial 
material manager (Wilcoxen ‘'92), DLA already imposes a 
surcharge to cover their overhead. If an additional IPG I 
Surcharge 1s imposed and paid, these requisitioners have a 
right to expect increased responsiveness. If the supply 
system is not reasonably responsive, these customers should 
have a right to demand refunds of the IPG I surcharges they 
paid. This refund process could also greatly complicate any 
IPG I surcharge mechanism. 

If DLA decides to go ahead with a surcharge policy, our 
research indicates that a modest flat rate per order may be 
the most effective and equitable. The greatest impact of this 
type of surcharge is on repetitive requisitions for relatively 
inexpensive items. These items can and should be stocked by 
retail customers. Maintaining inventories of these items has 
the additional benefit of improving the retail activity’s 
Support of Wanelr own CuStomers- in dadeaiticnm- modest flat 


rates will probably not force expensive, low demand items 
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into a retail customer’s inventory. AS holk@ang costs for 
these items are also expensive, it 1s more cost effective for 
DoD as a whole to maintain consolidated inventories of these 
items at the wholesale vice retail level. 

Hanally, a modest flat rate surcharge would be more 
equitable because it can be easily tied to the additional cost 
to the supply system of providing IPG I responsiveness. These 
costs are probably not closely related to the price of an 


Tein. 


C. RECOMMENDATIONS 

This thesis presents additional evidence that IPG I, as 
defined by UMMIPS, 1S incorrectly applied and overused. 
There are several methods available to curb this abuse, 
including IPG I surcharges. Our recommendations combine a 
variety of these methods with a goal of insuring increased 
efficiency within the supply system. A by-product of this 
increased efficiency may be, but does not necessarily 
include, a reduction in IPG I requisitioning. 

The bottom line is that UMMIPS and its time standards 
Should be revised. The new system should clearly define and 
segregate operational, industrial, and support activities. 
Within each category, enforceable policies should be 
developed to define which requirements are legitimately high 
priority. As these activity types are very different, these 


requirements will also be very different within each category. 
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For operational units there are already inspection 
mechanisms in place to insure rigid enforcement of IPG I 
ordering standards. Therefore, they should be excused from 
paying IPG I surcharges. 

The current policy an Dob under DBOF iS" to” requ 
industrial and support activities to compete with each other 
and the private sector as if these activities were commercial 
firms. Imposing a surcharge for the increased responsiveness 
of IPG I on these activities 1s consistent with this policy by 
forcing these activities to pay for services received, and 
allowing the supply system to recover the costs of the 
services it provides. Supply system provision Of )232a0 
responsiveness 15S, in many ways, Similar to a parts 
wholesaler offering to ship items to customers using Federal 
Express for an additional fee. In addition, this surcharge 
policy would provide the incentive for these activities to 
moderate IPG I ordering, eliminating inspection requirements. 

Industrial and shore activities ordering using IPG I with 
a surcharge should, however, receive some type of guarantee 
that their ordered material will be delivered within a 
specified time period. If the supply system fails to meet 
this guarantee, these activities should be entitled to a 
Surcharge refund. In addition, these activities should be 
allowed to compete the DLA supply system with the private 
sector. In other words, 1£ Lockheed can deliver a part 


faster and cheaper than DLA can, NADEP Alameda should be 
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allowed to buy the part from Lockheed and not be required to 
use DLA. The amount of business generated by such actions is 
a topic which lends itself to further research. 

There are several aspects of the problem left unexplored. 


First, all three supply depots also provided us with IPG II 


and III data. At yone tame, Curs™intentwWon was teéMlse this 
data in our research. Unfortunately, due to time 
Genstraints, we were unable to do so. The data remains 


available at NPS for others to carry on this work. One aspect 
would be to examine the effects of IPG I surcharges on lower 
IPG ordering practices. Second, future modelling and 
research efforts should attempt to reduce the infeasibility of 
the stochastic model described in Chapter VI. To accomplish 


this effort, demand data over several years will be required. 


i> 


APPENDIX A. 


OPES 
GJ oos 


SUZ 
DO2.9:6 


O02dal 


00334 
CpAT [She 
68251 


48758 


00246 
O)Gip2s S Jk 


2M AST 
00620 
00236 
olay! 7 
62876 
Seis, J 


62586 
09124 


03362 
Cei26 


60200 
OO alae 
60462 
60259 
SAM 
65886 
B2049 
45593 


Gag 25 
ORME, (S: 


#IPGI Regns 


Tau 


el 
Oe 


lS 2:9 


ie, 462 
dlagg cdlale 


Ie dite 


1 walleO 9 


1 8ie8 
1,040 


666 
583 


547 
544 
491 
468 
440 
418 
415 


405 
3) {i's 
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Naval Aviation Depot, Naval Air Station, 
Jacksonville, FL 
Sacramento Air Logistics Center, 
McCellan Air Force Base, CA 
Ship Repair Facility Detachment, 
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Marine Aviation Depot, Cherry Point, NC 
Marine Aviation Logistics Squadron 36 
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Naval Shipyard, Portsmouth, NH 

USS MIDWAY (CV-41) 

USS NIMITZ (CVN-68) 

USS DIXON (AS-37) 

Naval Air Facility, Atsugi, JA 
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USS SARATOGA (CV-60) 

Marine Aviation Logistics Squadron 14 

Naval Air Station, Willow Grove, PA 

Army Troop Aviation Systems Command, 
Saint Louis, MO 

Marine Aviation Logistics Squadron 16 
(Rear), 3rd MAW, MCAS Tustin, CA 

USS OKINAWA (LPH-3) 
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USS AMERICA (CV-66) 

Naval Air Station, Norfolk, VA 
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Mechanicsburg, PA 
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Marine Aviation Logistics 
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MCAS Tustin, CA 

Neavalent@estacion, Cwubl Point, 
RP 

Aviation Supply Office, 
Philadelphia, PA 

Marine Aviation Logistics 
Squadron 39, Camp Pendleton, CA 

Naval Aviation Depot, NAS 
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Pensacola, FL 

USS DWIGHT D. EILSENHOWSR (cVie 
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Puget Sound Naval Shipyard, 
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Naval Air Station, Oceana, 
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River, MD 
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Ship Repair Facility Detachment, 
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Naval Weapons Center, China 
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Pearl Harbor Naval Shipyard, 
Pearl Harbor, HI 
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Jacksonville, NC 
USS JUNEAU (LPD-10) 
Naval Air Station, Dallas, TX 
Shore Intermediate Maintenance 
Activity, NavSta, Long Beach, 
CA 
Naval Air Pacific Repair 
Activity, Atstigi, JA 
USS PROTEUS (AS-19) 
Marine Aviation Logistics 
Squadron 26, Jacksonville, NC 
MSS DAQIDYR. RAY (DD-971) 
USS MCKEE (AS-41) 
USS NIMITZ (CVN-68) 
Submarine Base, Pearl Harbor, HI 
USS PRINCETON (CG-59) 
Marine Corps Air Facility, 
Ollant .cO, uk 
Ship Repair Facility, Guam, MI 
USS ELLIOT (DD-967) 
USS BUNKER HILL (CG-52) 
Shore Intermediate Maintenance 
PeriviltyveeNavota, Nortolk, VA 
Naval Air Station, Mayport, FL 
Norfolk Naval Shipyard, 
Portsmouth, VA 
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